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Urethral reconstruction for both congenital 
and acquired etiologies remains a challenge for 
most urological surgeons. High success rates 
depend on the use of adequate tissues for recon- 
struction and appropriately trained surgeons. 
The difficulty in achieving adequate results is best 
represented by the many articles published each 
year that attempt to explore new reconstructive 
techniques. Since 1965, there have been well over 
3500 papers published that address the surgical 
correction of hypospadias and urethral strictures; 
this illustrates the challenges and difficulties 
involved in the repair of these anomalies. Consid- 
erable progress in the surgical correction of ure- 
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thral defects has been made over the past 50 
years due to advances in microsurgical instrumen- 
tation, optical magnification, and new reconstruc- 
tive techniques. 

In this issue of the Urologic Clinics of North 
America, a panel of distinguished authors, all lead- 
ers in the field of urethral reconstruction, have 
addressed various aspects of urethral surgery as 
it applies to congenital and acquired abnormal- 
ities. This monograph provides an update on ure- 
thral reconstruction, as well as detailed practical 
information for managing patients with urethral 
disease. 
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Tissue anatomy and physical characteristics 


Three types of tissue commonly used for ure- 
thral reconstruction are skin, bladder epithelium, 
and buccal mucosa. The superficial layer of the 
skin, 0.8 to 1.0 mm deep, is the epidermis. The 
deep layer of the skin, the dermis, is separated into 
two layers, a superficial layer (adventitial dermis) 
and a deep layer (reticular dermis). Depending 
on the nature of the epithelium, the adventitial der- 
mis is also called the papillary dermis (in areas 
without skin adnexal structures) or the periadnexal 
dermis (in areas with adnexal structures). The 
superficial layer of the bladder wall lining is the 
epithelial layer and the deep layer of the bladder 
wall lining is termed the lamina propria. Like skin, 
the bladder lamina propria also has superficial 
and deep layers. The superficial layer of buccal 
tissue is the mucosal layer and the deep layer is 
termed the lamina propria. The buccal lamina pro- 
pria, as in the bladder, also has superficial and 
deep layers. 

The interface of the epidermal or epithelial 
layer with the superficial dermis or superficial 
lamina contains the superficial plexus (eg, in skin, 
the intradermal plexus) and some lymphatics. The 
deep dermal layer or deep lamina contains most 
of the lymphatics and has more collagen content 
than the superficial layers. The deep plexus (eg, in 
skin, the subdermal plexus) is located at the inter- 
face of the deep layer and the underlying tissue (ie, 
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adipose, deep fascial layer) and connects by means 
of perforators in most cases. The frequency and 
distribution of the perforators varies from tissue 
to tissue. 

All tissue has the inherent physical characteris- 
tics of extensibility and tissue tension and the 
vesico-elastic properties of stress relaxation and 
creep. The physical characteristics of a transferred 
unit are primarily a function of the helical arrange- 
ment of collagen and the elastin cross-links in the 
deep tissue layers. The vesico-elastic properties of 
tissues are influenced by the collagen elastin ar- 
chitecture suspended in the muco-polysaccharide 
matrix. 


Tissue transfer techniques 


Tissue can be transferred as either a graft or a 
flap. A graft is tissue that has been excised and 
transferred to a graft host bed where a new blood 
supply develops (neovascularization). A flap is tis- 
sue that is excised and transferred with the blood 
supply either preserved or surgically re-established 
at the recipient site. 


Grafts 


“Take” is the process whereby graft tissue 
develops a new blood supply after excision and 
transfer to a host bed. Take occurs in two phases 
that together require ~96 hours. The initial phase, 
known as imbibition, takes ~48 hours. During 
imbibition the graft temperature is less than body 
temperature and the graft survives by drinking 
nutrients from the adjacent graft host bed. The 
second phase, termed inosculation, also requires 
~48 hours. During inosculation the temperature 
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of the graft rises to the core body temperature and 
true microcirculation is re-established in the graft. 
The process of take is influenced by both the nat- 
ure of the grafted tissue and the conditions of 
the graft host bed; thus processes that interfere 
with graft host bed vascularity or the vascu- 
lar characteristics of the graft itself interfere with 
graft take. 


Split-thickness graft 

Four grafts commonly used for urethral recon- 
struction are the full-thickness skin graft, split- 
thickness skin graft, bladder epithelial graft, and 
buccal mucosal graft (Fig. 1). A split-thickness 
graft (STG) carries the epidermis or covering and 
exposes the superficial dermal (intradermal or 
intralaminar) plexus (Fig. 2). The superficial plexus 
is generally composed of small but numerous ves- 
sels, a favorable vascular characteristic. STG also 
carries few lymphatics and physical characteristics 
of the transferred tissue, and thus has a tendency 
to be brittle and less durable. 


Mesh graft 

A mesh graft is generally STG with systematic 
slits placed in it after harvest and before applica- 
tion. These slits can expand the graft by various 
ratios, and in the case of reconstructive surgery, 
they can allow subgraft collections to escape with 
better conformation to irregular graft host beds. 
It has also been proposed that mesh grafts take 
more readily because the slits increase growth fac- 
tors. Full-thickness grafts can be meshed, but they 
rarely are; exceptions are found in preputial or 
penile skin. 


Full-thickness graft 

A full-thickness graft (FTG) carries the cover- 
ing, the superficial dermis or lamina, and the deep 
dermis or deep lamina. The deeper plexus is com- 
posed of larger, more sparsely distributed vessels, 
and therefore its vascular characteristics are more 
fastidious than that of an STG. FTG also carries 
most of the lymphatics and physical characteristics 
of the transferred tissue, is generally more durable 
at maturity, and does not contract as much as 
STG. Although these are general characteristics 
of FTGs, grafts also have distinctive characteris- 
tics that are dependent on the donor site. For 
example, extragenital full-thickness skin grafts 


carry increased mass, which generally makes them 
more fastidious than genital full-thickness skin 
grafts (ie, penile and preputial skin grafts). An 
exception to this is found in the extragenital skin 
of the posterior auricular graft (Wolfe graft). Pos- 
terior auricular skin is thin, overlies the temporalis 
fascia, and is carried on numerous perforators. 
The subdermal plexus of the Wolfe graft therefore 
seems to mimic the characteristics of the intrader- 
mal plexus and its total mass is more like that of 
STG. 


Bladder epithelial graft 

The bladder epithelial graft has a superficial 
and a deep plexus; however, the plexuses are con- 
nected by many more perforators, and therefore 
tend to have more favorable vascular characteris- 
tics (Fig. 3). 


Buccal mucosal graft 

A buccal mucosal graft has a “panlaminar 
plexus,” which is felt to provide optimal vascular 
characteristics (Fig. 4). When a sufficient portion 
of the deep lamina is carried with the graft to pre- 
serve the tissue’s physical characteristics it can be 
thinned without adversely affecting the graft’s vas- 
cular characteristics. Additionally, the wet epi- 
thelial surface of the buccal mucosal graft is 
considered to be a favorable characteristic for ure- 
thral reconstruction, thus a buccal mucosal graft is 
preferred in many cases. 


Flaps 


Flaps are classified based on either their vascu- 
larity or by elevation technique. 


Vascular classification 

Based on vascularity, a flap is either a random 
or an axial flap. A random flap (Fig. 5A) lacks a 
defined cuticular vascular territory. A random flap 
is carried on the dermal or laminar plexus, and its 
dimensions can vary widely between individuals 
and body sites. An axial flap (Fig. 5B) has a 
defined vessel in the flap’s base. Three types of 
axial flaps are direct cuticular axial, musculocuta- 
neous, and fasciocutaneous flaps (Fig. 6). A direct 
cuticular axial flap is based on a vessel superficial 
to the superficial layer of the deep body wall fascia 
(eg, groin flap, Fig. 5B). A musculocutaneous flap 
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Fig. 2. Sectional anatomy of skin (histology above, microvascular anatomy below). Note the stratified microvascular 


plexuses. 


(Fig. 6A) is based on the vessel to the muscle with 
the overlying skin paddle carried on perforators. 
If the muscle alone is carried as a flap, the overlying 
skin survives as a random unit. The deep blood 
supply of a fasciocutaneous flap (Fig. 6B) is carried 
on the fascia (both deep and superficial layers). 
Like the musculocutaneous system the overlying 
skin paddle is based on perforators; therefore a fas- 
cial flap can be transferred based on the flap’s deep 
blood supply. If the overlying skin is not carried 
with the flap, it remains as a random unit. 


Elevation classification 

Based on elevation techniques, a flap is classi- 
fied as a peninsula, an island, or a microvascular 
free flap. A peninsula flap (Fig. 7A,B) is one in 


which the vascular and cutaneous continuity of 
the flap base are left intact. An island flap 
(Fig. 7C) is one in which the vascular continuity 
is maintained but the cuticular continuity is 
divided, thus elevated on dangling vessels. A 
microvascular free transfer flap (ie, free flap, 
Fig. 7D)is onein which both the vascular and cutic- 
ular continuity are interrupted, with the vascular 
continuity re-established at the recipient site. In 
genitourinary surgery the term “island flap” is 
commonly used when referring to a skin island 
or paddle elevated on either the muscle (eg, gracilis 
musculocutaneous flap) or the fascia (eg, local gen- 
ital skin flaps). An island flap as described above is 
not synonymous with the terms “skin island” or 
“skin paddle.” 


G.H. Jordan | Urol Clin N Am 29 (2002) 267-275 271 


Bladder 
Epithelial | 
rat | 


Lamina 
Propria 


Detrusor 
Muscle 


=) serosa and 
Perivosical 
Adipose Tissue 


Fig. 3. Sectional anatomy of bladder epithelium (histology above, microvascular anatomy below). Note the stratified 


microvascular plexus but with abundant perforators. 


Tissue transfer in urethral reconstruction 


In general, experience with tissue transfer tech- 
niques in genitourinary surgery has shown that 
onlay procedures are more successful than tubu- 
larized skin grafts or islands. In cases when tabu- 
larized segments cannot be avoided, tabularized 
flaps provide better results than tabularized gra- 
fts, and the length of the flap should be limited by 
combining aggressive mobilization and excision. 


Grafts in urethral reconstruction 


Over the past several years there has been a 
resurgence of interest in graft reconstruction of 
the urethra, especially buccal mucosal grafts. 


Grafts have been most successfully employed in 
the area of bulbous urethra in which the urethra 
is invested by the ischial cavernosus muscles. The 
graft can be applied to the ventrum of the urethra, 
but a ventral urethrotomy appears to be advan- 
tageous only when employing spongioplasty 
(Fig. 8A). Spongioplasty requires that the corpus 
spongiosum adjacent to the stricture be relatively 
normal and free of fibrosis. The author prefers 
use of a lateral urethrostomy (Fig. 8B) or dorsal 
graft onlay (Fig. 8C). Placing the urethrostomy 
laterally allows exposure of the urethra while cut- 
ting through the corpus spongiosum where it is rela- 
tively thin, thus limiting bleeding and maximizing 
exposure. In addition, the graft can be sutured to 
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Fig. 4. Sectional anatomy of buccal mucosal (histology above, microvascular anatomy below). Note the pan laminar 


plexus. 


the underlying muscle bed to improve graft bed 
immobilization and approximation. 
Alternatively, the Monseur urethral recon- 
struction technique—which is used in only a few 
centers—creates the urethrostomy through the 
dorsal wall of the stricture, and the edges of the 
stricture are sutured open to the underlying trian- 
gular ligament or corpora cavernosa [1]. In a mod- 
ification of this technique described by Barbagli, 
the urethrostomy is performed through the stric- 
ture on the dorsal wall, and a graft is applied 
and fixed in the area of the urethrostomy to the tri- 
angular ligament or corpora cavernosa [2]. The 
edges of the stricture are then sutured to the edges 


of the graft and adjacent structures. The results of 


this modification are promising, with early follow- 
up data yielding good results. In addition, the dor- 


sal graft onlay technique can be used with stricture 
excision and strip anastomosis (ie, augmented anas- 
tomotic procedure). 

Another option is the two-staged application of 
a mesh split-thickness skin graft, buccal mucosa 
graft, or posterior auricular full-thickness skin 
graft. In the first stage of the mesh graft procedure 
a medium-thickness skin graft is placed over the 
dartos fascia; when placed immediately onto the 
tunica albuginea or corpora cavernosa the graft 
cannot be mobilized and second stage tubulariza- 
tion is difficult. Having at least a midline strip of 
the graft adhered to the corpora cavernosa sup- 
ports the urethra and helps avoid urethral kinking, 
which can be seen with tubed urethral reconstruc- 
tion that “floats” beneath the skin. Second stage 
surgery is performed to tubularize the graft at a 
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Fig. 5. (A) Random flap. Arterial connections have been 
interrupted and flap survival depends on the intradermal 
and subdermal plexuses. (B) Axial flaps. Survival 
depends on large vessel entering the base of the flap 
and random distal vascularity. 


Fig. 6. (A) Musculocutaneous flap. Perforators from the 
artery to a muscle vascularize the skin and overlying 
subcutaneous fat (musculocutaneous perforators). These 
flaps can be transferred as free flaps, but are usually 
transferred locally. (B) Fasciocutaneous flap. Perforat- 
ing blood vessels from rich plexuses on the superficial 
and deep aspects of the fascia connecting to perforator 
vessels that communicate with the skin microvascula- 
ture. In genital reconstruction, these flaps are based on 
the dartos fascia of the penis or as “free” flaps from the 
forearm. (From AUA Update Series, Lesson 10, Vol. 7, 
1988; with permission.) 


Fig. 7. Categorization of flaps based on elevation 
technique. (A) Random peninsula flap. (B) Axial 
peninsula flap. (C) Axial island flap. (D) Microvascular 
free transfer flap (free flap). 


later date. As first described, the second stage was 
performed within 3 to 4 months of the first stage 
[3]; however, the author now waits 12 months 
between the first and second stage surgeries. This 
procedure has been useful for select cases in the 
United States and Europe. In the United States 
its use has usually been confined to only the most 
difficult cases, with single-stage reconstruction 
used in the majority of patients. 

In addition, although full-thickness skin has 
been used for fossa navicularis reconstruction, 
the appropriateness of using skin grafts or flaps 
for reconstruction of balanitis xerotica obliterans 
(BXO) is questionable. Because BXO is a skin 
condition, the use of skin as a flap, single-stage 
graft, or staged graft does not preclude later 
BXO inflammatory skin involvement. Thus, it is 
now theorized that staged buccal graft techniques 
should be used for reconstruction of strictures 
associated with BXO. Preliminary results at the 
author’s center have demonstrated that for 
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Fig. 8. Diagrammatic illustration of various techniques of onlay. (A) Graft onlay with spongioplasty. (B) Lateral onlay 
(flap or graft). (C) Dorsal onlay (either spread fixed graft or flap). 


BXO-related strictures success with skin transfer 
techniques is less (ie, 60% to 70%) than for non— 
BXO-associated strictures. Buccal mucosa transfer 
for treatment of BXO is a relatively new proce- 
dure, so it is too early to comment on long-term 
success. 


Flaps in urethral reconstruction 


A number of genital skin islands, mobilized 
on either the dartos fascia of the penis or the 
tunica dartos of the scrotum, have been used for 
repair of urethral stricture disease. Three impor- 
tant considerations for the use of flaps in urethral 
reconstruction are the nature of the flap tissue, 
the flap’s vasculature, and the mechanics of flap 
transfer. 

It is most convenient to use donor sites with 
redundant, non-hirstute genital skin for urethral 
reconstruction. In cases in which the redundancy 
is dorsal, a skin island can be oriented transversely 
and mobilized on the dorsal dartos fascia, as 
described by Duckett and Standoli [4]. If the 
redundancy is on the ventral skin, the skin island 
can be mobilized as a ventral longitudinal island. 
A ventral longitudinal island can either be vigor- 
ously mobilized on a ventrolaterally-oriented dar- 
tos fascial flap for transposition to the perineum, 
or less vigorously mobilized, transposed, and 
inverted into a pendulous urethral stricture defect. 
Ventral islands can be oriented transversely or 
longitudinally, and longer skin islands can be 
mobilized by orienting the island both ventrally 
and transversely at the distal end (ie, hockey stick 


orientation), allowing for islands as long as 7 to 9 
cm. In cases in which the penile skin has a general 
redundancy the islands can be oriented circumfer- 
entially. These “circular skin islands” are mobi- 
lized on the entire penile dartos fascia and are 
most efficiently transferred when ventrally based 
with a dorsal split in the pedicle, allowing for 
islands as long as 15 cm. 

Narrow caliber segments that nearly obliterate 
are difficult to treat, and combining stricture exci- 
sion with a skin island onlay (ie, augmented anas- 
tomosis) [5] can be beneficial. This technique 
involves excising the obliterating segment, per- 
forming a roof or floor strip urethral anastomosis, 
and filling the remaining urethrotomy defect with 
either a graft or skin island onlay. 

Some patients have relatively large non-hirsute 
areas of scrotal skin that can be elevated on the 
tunica dartos of the scrotum. This fascial flap is 
best when laterally based, and because the tunica 
dartos has a significant muscular component, the 
skin island must be tailored carefully. When prop- 
erly oriented, the flap has been reliable, and with 
proper tailoring the island has not been associated 
with the development of diverticulum. Although 
this flap has not received favorable reviews in the 
literature, some centers (including the author's) 
have used them extensively with good results. 

Procedures using skin islands oriented on the 
penile dartos fascia have also been useful for 
reconstruction of the fossa navicularis, yielding 
improved functional and cosmetic results. The 
location of hair on the penile shaft and the 
mechanics of flap transfer (ie, transposition versus 
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advancement) are important considerations in the 
design of these islands. 

The epilated midline genital skin island is a flap 
procedure that can be used as an alternative to a 
staged, split-thickness skin graft when non-hirstute 
skin is unavailable. Like the split-thickness skin 
graft, this procedure should be considered a staged 
procedure, with the epilations in the initial stage. 
Epilation can be accomplished using either a nar- 
row-gauge needle and monopolar cautery or epila- 
tion needles and machines. The interval between 
epilations should be 6 to 8 weeks and urethral 
reconstruction cannot be accomplished until 10 
to 12 weeks after the last epilation. Stricture repair 
then involves elevation of the midline skin island 
based on both the dartos fascia of the penis and 
the tunica dartos of the scrotum. Similar to a 
non-hirstute scrotal skin island, meticulous tailor- 
ing of the scrotal portion of the island is important. 


Results 


When the follow-up period was limited to 
1 year, analysis of a large series of urethral recon- 
structions using tissue transfer clusters showed a 
success rate of ~90% to 95% [6]. Success rates dete- 
riorate over time with longer follow-up periods. 


With excision and primary anastomosis, however, 
the success rates seen at 1 year appear to be dura- 
ble and do not deteriorate over time [7]. 
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Penile curvature is a spectrum of disease affect- Embryologically, the authors’ experience agrees 
ing boys with and without hypospadias. Hypospa- with the work of Bellinger and Kaplan, that chor- 
dias occurs in approximately 1 in 300 newborn dee or penile curvature is a normal state of devel- 
males; of these as many as one fourth will have opment [16-18]. Human fetal studies reveal a 
penile curvature [1]. Penile curvature also occurs natural curvature that resolves by 16 weeks’ gesta- 
in 4% to 10% of males born without hypospadias tion (Fig. 1). Penile curvature can be artificially 
[2,3]. Several surgical techniques (plication, exci- divided into four groups of patients: 1) those who 
sion and graft insertion) are currently employed are corrected on artificial erection after the penile 
for repairing penile curvature. At the authors’ insti- skin has been degloved to the penoscrotal junction 
tution detailed anatomical studies of the human (these patients are considered to have skin tether- 
fetal penis and clitoris have recently been com- ing), 2) those who have fibrotic Buck’s or dartos 
pleted [4-8]. The authors have applied these anat- fascia (this fibrotic periurethral dermal tissue 
omical studies to the treatment of penile curvature tethers the penis ventrally and with release the 
in children and young adults. penis will straighten), 3) patients who have corpo- 


real disproportion (these patients have normal 
urethra spongiosum and urethral length with per- 


Etiology sistent curvature despite complete dissection of 
The literature gives no concise etiology for all ventral and dorsal tethering tissue), 4) patients 
penile curvature [9]. This is particularly true for who have a short fibrotic urethra that tethers the 
penile curvature seen in the absence of hypospa- penis. The fourth group of patients have the rarest 
dias. As early as 1937 Young proposed that chor- form of penile curvature. To straighten the penis 
dee was due to a congenitally short urethra, which the urethra might need to be divided and ancillary 
should be managed with urethral transection [10]. straightening procedures performed along with 
In 1973 Devine and Horton stated that chordee urethral replacement [19]. 
was due to the abnormal development of the The frequency of chordee in patients without 
fascia surrounding the urethra [11]. In these cases hypospadias was recently reviewed. In a series of 
urethral transection was rarely required. Subse- 87 patients with isolated chordee the etiology was 
quently, numerous authors proposed that corporeal evenly distributed among skin tethering (32%), 
disproportion is responsible for penile curvature fibrotic fascia (33%) corporeal disproportion 
[3,11,12]. The concept of the urethral plate as (28%) and a congenitally short urethra (7%) [20]. 
the main etiology of curvature also came into ques- 
tion [1,9,12,13]. This has led to the preservation Anatomical studies 
of the urethral plate with an increase in onlay 
flap techniques and a decrease in tubularized ure- Previous studies at the authors’ institution 
thral replacement [14,15]. have defined the neuroanatomical smooth muscle 
and epithelial ontogeny of human fetal penile 
development [8]. Further studies have compared 
* Corresponding author. the normal penile anatomy to that of a penis with 
E-mail address: baskin@urol.uesf.edu (L.S. Baskin). hypospadias [5]. The hypospadic and normal fetal 
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24 weeks 


Fig. 1. Human fetal penile specimens. (A) Normal human penis at 11 weeks demonstrating the urethral fold, (B) Penile 
specimen at 16.5 weeks with ventral curvature. (C,D) Specimens at 20 and 24 weeks with resolution of curvature. Note 
the natural progression of penile curvature to a straight phallus. 


penis share the same neuroanatomy except for the 
aberrant urethra and urethral spongiosum [21]. 
The most important neuroanatomical finding 
from these studies revealed that the dorsal nerve 
has multiple branches running along the surface 
of the tunica albuginea from the classic dorsal 


11 o’clock and 1 o'clock positions to the 5 o’clock 
and 7 o’clock positions (junction of the corporeal 
bodies and urethral spongiosum, Fig. 2). The 12 
o'clock midline position does not have any neuro- 
nal structures. The thickness of the tunica albugi- 
nea at the dorsal midline is at its greatest width 


Fig. 2. Computer generated three-dimensional reconstruction of a normal fetal penis at 25 weeks’ gestation. Red area 
represents nerves, which are absent at the 12 o'clock position but are present at the 11 o'clock and 1 o'clock to the 
5 o'clock and 7 o’clock positions. Green area is the urethra, yellow is the prepuce, and blue is the tunica. (A) Front view. 
(B) Side view. (C) Front view without urethra. (D) Side view without urethra. 
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and hence strength. The authors have used these 
anatomical studies to modify the approach to the 
correction of penile curvature (see next section). 


Correction of penile curvature 
Nesbit 


The most accepted method for the correction 
of penile curvature has been the Nesbit technique 
(Fig. 3). Originally described in 1965, the Nesbit 
technique consists of plicating the disproportio- 
nately longer dorsal tunica albuginea [22,23]. This 
initial technique consisted of plication sutures with- 
out incision or excision of the tunica. Short-term 
recurrence in one patient led to modification of 
the technique by excising a diamond-shaped 
wedge or wedges at the point of maximum curva- 
ture and closing the tunica transversely with 
absorbable sutures. 


TAP 


Until recently it had been the authors’ practice 
to perform a modification of this technique in 
babies, young children, and teenagers. Tunica 
albuginea plication (TAP) was used for the correc- 
tion of penile curvature in association with cor- 
poreal disproportion and hypospadias (Fig. 4) 
[24]. As is standard practice, the urethral plate is 
preserved with a U-shaped incision and the penis 
is completely degloved to the penoscrotal junc- 
tion. If the penis remains curved with artificial 
erection the urethral plate is assessed for possible 
fibrosis or its contribution to penile curvature. In 
the unusual situation that the urethral plate is 
thought to be a significant factor (<2% of all 
hypospadias cases in the authors’ experience) it 
is removed along with any additional extensive 
ventral curvature. If the urethral plate is adequate 
and the curvature persists (~15% to 20% of all 


Sapo 


patients with hypospadias), the point of maximal 
bend is determined dorsally. At this point Buck's 
fascia is elevated on either side of the midline 
(10 o'clock and 2 o’clock positions) avoiding 
extensive damage to the neurovascular bundles. 
Parallel incisions 8 mm long and 6 to 8 mm apart 
are made through the tunica albuginea. Without 
excision of the intervening tunica the outer edges 
of the incision are approximated with permanent 
sutures (5.0 prolene in infants). It has been theo- 
rized that the tunica should be cut so that the fresh 
edges will subsequently heal together to correct the 
deformity, the repair not depending on the suture. 
The short-term outcome of this procedure has 
been excellent, but the majority of these patients 
have not been followed through puberty [24]. 


Dorsal midline plication 


Based on anatomical studies the authors have 
abandoned the TAP procedure. The authors be- 
lieve it to be impossible to lift the neurovascular 
bundle without damaging some of the nerve 
branches that wrap around the penis [5,6]. The 
authors now perform penile straightening by pla- 
cing plication sutures at the 12 o’clock position, 
which is a nerve-free area (Fig. 5) [5]. As noted, 
the 12 o’clock position is also the thickest and 
thus strongest portion of the tunica [5,15,25]. If 
two parallel dorsal midline plication sutures do 
not strengthen the penis, additional rows of mid- 
line plication sutures can be placed along the area 
of curvature. The authors have used the dorsal 
midline plication technique in hypospadias pa- 
tients with successful short-term results [5]. 


Corporeal rotation 


Corporeal dorsal rotation was originally de- 
scribed by Koff and Eakins for use in epispadias 
[26] with further elaboration by Snow and Kass 


Fig. 3. Nesbit’s procedure. (A) Incision at the site of maximum curvature. (B) Excision of tunica. (C.D) Transverse 
closure. (From Hinman F. Atlas of pediatric urologic surgery. Philadelphia: W.B. Saunders; 1994. p. 634; with 


permission.) 
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Fig. 4. Tunica albugina plication (TAP). (A) Penile curvature after surgical release of the skin and dartos fascia to the 
penoscrotal junction. Note preservation of the urethral plate. (B) With penis erect, Buck’s fascia is elevated at the point 
of maximum curvature on either side of the midline at the 10 o’clock and 2 o'clock positions. Parallel incisions 4 to 6 mm 
apart and -8 mm long are made through the tunica albuginea. Outer edges of incisions are approximated with 
permanent sutures in a way that buries the knot. (C) Straight penis is confirmed by repeat intraoperative artificial 
erection, (From Baskin LS, Erol A, Li YW, Liu W. Anatomy of the neurovascular bundle: is safe mobilization possible? 


J Urol 2000;164:977-80; with permission.) 


[27,28]. The theoretical disadvantage of the cor- 
poreal rotation and plication technique is that the 
suture lies on top of the nerves, potentially caus- 
ing a crush-type injury. Decter recently reported 
his results using a modification of corporeal rota- 
tion [29]. Six out of six boys with severe hypo- 
spadias were completely straightened. In this 
technique—as in corporeal disassembly—the ure- 
thral plate and distal corpus spongiosum are dis- 
sected off of the corpora cavernosa from the glans 
to the meatal opening. The midline ventral septum 
between the corpora is incised. The incision ex- 
tends from the glans to the meatus, being deepest 
in the area of maximum ventral curvature. The 
corpora are not completely separated. Splitting 
of the corpora allows for dorsal rotation and sub- 
sequent straightening of the penis. Access to the 
dorsal midline is achieved by dissecting the neuro- 


vascular bundles off of the tunica albuginea start- 
ing ventrolaterally. The neurovascular bundles are 
elevated and the corpora are rotated medially, 
being held in place by non-absorbable sutures. 
Advantages of this procedure are that it avoids 
penile shortening and the use of dermal grafts. As 
with penile disassembly, however, the urethra is 
transected and the neurovascular bundles are dis- 
sected off of the corpora, invariably transecting 
those nerves coursing laterally. In addition, when 
incising the septum there is a risk of cutting into 
the corpora cavernosum. 


Penile disassembly 


This technique consists of separating the penis 
into its component parts as is done in patients 
with epispadias [30]. This includes separating the 
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Fig. 5. Penile straightening technique uses plication 
sutures at 12 o'clock position to avoid penile nerves. 
(From Baskin LS, Erol A. Anatomical studies of hypo- 
spadias. J Urol 1998;160:1108-15; with permission.) 


glans with the neurovascular bundles and separat- 
ing the urethra from the corpora. Perovic and 
Djordjevic reported successfully straightening the 
penis in 68% of cases with 32% of patients having 
the severity of penile angulation decreased enough 
so that only minor corporoplasty was required 
[31,32]. Perovic believes that this procedure is best 
performed for curvature of the distal third of the 
penis when the penis is already short. This is done 
to correct distal curvature, which requires remov- 
ing the glans cap completely. Since there is no pli- 
cation the procedure avoids penile shortening. A 
major disadvantage of this procedure is the exten- 
sive dissection that is required to separate the dor- 
sal nerves off of the corpora, although theoretically 
a careful dissection can be successful [6]. In addi- 


A 


tion, it might be unnecessary to separate the ure- 
thra because even in the most severe cases of 
hypospadias the urethral plate is usually healthy 
and—the authors believe—not the cause of penile 
curvature [33]. 


Dermal graft 


Devine and Horton were the first to report 
adding dermal tissue to the tunica albuginea 
to correct chordee associated with hypospadias 
and epispadias [34]. Hendren and Keating also 
reported the successful use of dermal graft place- 
ment [35]. In this technique the penis is degloved, 
the urethral plate is divided, and the urethra 
is mobilized. An artificial erection is induced 
and the tunica albuginea is incised transversely 
over the point of maximal curvature on the ventral 
surface. The dermal graft is prepared by har- 
vesting an elliptical segment of non—hair-bearing 
tissue from the inguinal area. The segment is 
then trimmed to the appropriate size and sutured 
in place (Fig. 6). Both Pope et al and Lindgren et 
al reviewed their results in 51 patients each with 
severe chordee [36,37]. In Pope’s study success- 
ful correction of curvature was reported in all 
patients. In Lindgren’s study five patients were left 
with minor residual chordee only. Advocates of 
this technique cite its utility in cases of severe cur- 
vature in which the necessary plication would lead 
to shortening of the penis. In rare cases the tunica 
albuginea can be so deficient that it requires the 
use of a dermal graft. A dermal graft as a substi- 
tute graft seems the most reliable when compared 
to tunica vaginalis, dura, or synthetic materials 
[38]. Early unpublished reports with small intes- 
tine submucosa (SIS) grafts have shown that SIS 
is a promising graft material [39]. 


Fig. 6. Dermal graft technique. (A) Ellipsoid graft taken from inguinal area. (B) Ventral tunica incision over point of 


maximum curvature. (C) Dermal graft sewn in place. 
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Residual curvature 


Residual penile curvature is managed in the 
same way as primary curvature. The penis is 
degloved and all scar tissue is resected. Penile 
straightening is performed as described above 
with sutures placed as necessary through the 
tunica albuginea at the 12 o’clock position. In 
severe cases a dermal graft might be necessary. 
When urethroplasty is warranted, the authors’ 
first choice is a vascularized flap of viable penile 
skin. If local skin is not available then a free graft 
of buccal mucosa in an onlay fashion is preferred. 
In severe cases a two-stage approach using the 
technique of Bracka has been quite successful [40]. 


Curvature correction in young men 


Congenital penile curvature tends to manifest 
itself early in adult life, with the mean age of pre- 
sentation being in the mid-twenties [41]. These 
patients presumably had curvature from birth that 
was unrecognized, accepted as normal, or thought 
to be unrepairable. The etiology of the curvature 
is thought to be corporeal disproportion because 
the urethra by definition is normal. 

The incidence of penile curvature in the male 
population is estimated to be .037%. Fifty percent 
of these patients have ventral curvature, 25% have 


lateral deviation, and 20% have a combination of 


dorsal and lateral deviation. Dorsal curvature is 
rare (5%). 


The correction of congenital curvature in post- 
pubertal men can be approached using the classic 
Nesbit operation or by using a modification of 
Nesbit’s operation [42,43]. The authors’ approach 
has been to take advantage of the nerve-free mid- 
line zone at 12 o’clock placing multiple parallel 
plication (MPP) sutures on each side of the dorsal 
vein (Fig. 7) [41]. The placement of MPP sutures 
is based on the anatomy of the tunica albuginea 
[5,44]. The tunica albuginea is composed of col- 
lagen and elastin with distinct inner circular and 
outer longitudinal layers [45]. The MPP technique 
is performed without removing or incising the 
tunica albuginea. After inducing erection a cir- 
cumferential incision is made. The skin and subcu- 
taneous tissue are reflected to the base of the penis 
and the deep dorsal vein and arteries are identified 
at the 12 o’clock position along Buck’s fascia. 
Multiple deep plication sutures are placed in the 
tunica albuginea at the point of maximum bend 
between the deep dorsal vein and the arteries 
using four to six non-absorbable sutures (2-0 
Ticron). If there is lateral curvature or a combina- 
tion of ventral and lateral curvature the sutures 
are placed more laterally, using the same vertical 
orientation to avoid disturbing the neurovascular 
structures. In the rare case of dorsal curvature a 
ventral incision is made down to Buck’s fascia. 
The corpus spongiosum is identified without dis- 
secting it. Four to six plication sutures are placed 
into the tunica at the point of maximum bend on 
either side of the spongiosum. Residual curvature 


Fig. 7. Multiple parallel suture plication. Plication of the tunica for (A) the more common ventral curvature and (B) 


dorsal curvature. (Illustration by Paul Stempen.) 
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and the presence of palpable sutures are two draw- 
backs to this technique. The MPP technique is 
minimally invasive and anatomically sound, however; 
there is no dissection of the neurovascular bundle, 
tunica albuginea, or corpus spongiosum, avoiding 
the possible complications of impotence, change 
in glandular sensation, and urethral injury [41]. 


Conclusion 


Penile curvature is a problem that continues to 
challenge the skill of pediatric urologists. The abil- 
ity to treat penile curvature in children and adults 
has improved with a better understanding of the 
anatomy of the penis. Although multiple techni- 
ques for correcting penile curvature have been 
described, none are without complication. The 
authors believe that a majority of curvature can 
be corrected by dorsal midline plication of the 
tunica albuginea. Based on knowledge of the dor- 
sal nerve complex as well as the composition and 
thickness of the tunica albuginea, dorsal midline 
plication can be performed safely at the 12 o’clock 
position with minimal neuroanatomical invasive- 
ness. If residual curvature remains, this can be 
corrected with additional plication. In extreme, 
severe cases the authors would advocate ancillary 
corrective techniques such as resection of the ure- 
thral plate and dermal grafting. The authors 
believe that penile curvature can be corrected early— 
preferably during the first year of life—with an 
anatomically based, minimally invasive approach. 
Long-term results in these patients await evalua- 
tion after puberty to confirm this technique. 


References 


[I] Baskin L, Duckett J, Lue T. Penile curvature. 
Urology 1996:48:347-56. 

[2] Culp OS, McRoberts JW. Hypospadias. In: Alken 
CE, Dix VW, Goodwin WE, editors. Encyclopedia 
of urology. New York: Springer-Verlag; 1968. 
p. 11307-44. 

[3] Kramer S, Aydin G, Kelalis P. Chordee without 
hypospadias in children. J Urol 1982;128:559-61. 

[4] Baskin LS. Fetal genital anatomy: reconstructive 
implications. J Urol 1999;162:527-9. 

[5] Baskin LS, Erol A, Li YW, Cunha GR. Anatomical 

studies of hypospadias. J Urol 1998;160:1108-15; 

discussion 1137. 

Baskin LS, Erol A, Li YW, Liu W. Anatomy of the 

neurovascular bundle: is safe mobilization possible? 

J Urol 2000;164:977-80. 


3 


[7] Baskin LS, Erol A, Li YW, Liu WH, Kurzrock E, 
Cunha GR. Anatomical studies of the human 
clitoris. J Urol 1999;162:1015-20. 

[8] Baskin LS, Lee YT, Cunha GR. Neuroanatomical 
ontogeny of the human fetal penis. Br J Urol 1997; 
79:628-40. 

[9] Baskin L. Controversies in hypospadias surgery: 
penile curvature. Part I. Dialogues in pediatric 
urology. Pearl River, NY: William Miller Publisher; 
1996. p. 1-8. 

[10] Young H. Genital abnormalities, hermaphroditism 
and related adrenal diseases. Baltimore: Williams 
and Wilkins; 1937. 

[11] Devine C Jr, Horton C. Chordee without hypospa- 
dias. J Urol 1973;110:264-7. 

[12] Baskin LS, Duckett JW, Ueoka K, Seibold J, 
Snyder D. Changing concepts of hypospadias cur- 
vature lead to more onlay island flap procedures. 
J Urol 1994:151:191-6. 

[13] Baskin L. Controversies in hypospadias surgery: 
the urethral plate. Part IL. Dialogues in pediatric 
urology. Pearl River, NY: Williams Miller Publisher; 
1996. p. 1-8. 

[14] Duckett J, Baskin L. Hypospadias. In: Gillenwater 
J, Grayhack J, Howards S, Duckett J, editors. 
Adult and pediatric urology. 3rd edition. St. Louis: 
Mosby; 1996. p. 2519-39. 

[15] Duckett JW. The current hype in hypospadiology. 
Br J Urol 1995:76(Suppl 3):1-7. 

[16] Bellinger M. Embryology of the male external gen- 
italia. Urol Clin N Am 1981;8:375-82. 

[17] Kaplan G, Brock W. The etiology of chordee. Urol 
Clin N Am 1981;8:383-7. 

[18] Kaplan GW, Lamm DL. Embryogenesis of chor- 
dee. J Urol 1975;114:769-72. 

[19] Daskalopoulos EI, Baskin L, Duckett JW, 
Snyder HD. Congenital penile curvature (chordee 
without hypospadias). Urology 1993;42:708-12. 

[20] Donnahoo KK, Cain MP, Pope JC, Casale AJ, 
Keating MA, Adams MC, et al. Etiology, manage- 
ment and surgical complications of congenital 
chordee without hypospadias. J Urol 1998;160: 
1120-2. 

[21] Erol A, Baskin LS, Li YW, Liu WH. Anatomical 
studies of the urethral plate: why preservation of 
the urethral plate is important in hypospadias 
repair. BJU Int 2000;85:728-34. 

[22] Nesbit RM. Operation for correction of distal 
penile ventral curvature with and without hypos- 
padias. Trans Am Assoc Genitourin Surg 1966;58: 
12-14, 

[23] Nesbit RM. Congenital curvature of the phallus: 
report of three cases with description of corrective 
operation. J Urol 1965;93:230. 

[24] Baskin LS, Duckett JW. Dorsal tunica albuginea 
plication for hypospadias curvature. J Urol 1994; 
151:1668-71. 

[25] Hsu GL, Brock G, Martinez-Pineiro L, von Heyden 
B, Lue TF, Tanagho EA. Anatomy and strength 


284 G. Mingin, L.S. Baskin | Urol Clin N Am 29 (2002) 277-284 


of the tunica albuginea: its relevance to penile 
prosthesis extrusion. J Urol 1994;151:1205-8. 

[26] Koff S, Eakins M. The treatment of penile chordee 
using corporal rotation. J Urol 1984;131:931-4. 

[27] Kass EJ. Dorsal corporeal rotation: an alternative 
technique for the management of severe chordee. 
J Urol 1993;150:635-6. 

[28] Snow BW. Transverse corporeal plication for per- 

sistent chordee. Urology 1989;34:360-1. 

Decter RM. Chordee correction by corporal rota- 

tion: the split and roll technique. J Urol 1999;162: 

1152-4; discussion 1155. 

Mitchell ME, Bagli DJ. Complete penile disas- 

sembly for epispadias repair: the Mitchell tech- 

nique. J Urol 1996;155:300-4. 

Perovic SV. The penile disassembly technique in 

hypospadias repair [letter]. Br J Urol 1998;81:658. 

Perovic SV, Djordjevic ML. A new approach in 

hypospadias repair. World J Urol 1998:16:195-9. 

Baskin LS, Duckett JW, Lue TF. Penile curvature. 

Urology 1996;48:347-56. 

Devine C Jr, Horton C. Use of dermal graft to 

correct chordee. J Urol 1975;113:56-8. 

Hendren WH, Keating MA. Use of dermal graft 

and free urethral graft in penile reconstruction. 

J Urol 1988;140:1265-9. 

[36] Lindgren BW, Reda EF, Levitt SB, Brock WA, 
Franco 1. Single and multiple dermal grafts for 


29 


(30) 


Bl 


(32 


B3 


[34] 


ES 


the management of severe penile curvature. J Urol 
1998;160:1128-30. 

[57] Pope JCT, Kropp BP, McLaughlin KP, Adams 
MC, Rink RC, Keating MA, Brock W Jr. Penile 
orthoplasty using dermal grafts in the outpatient 
setting. Urology 1996:48:124-7. 

[38] Perlmutter AD, Montgomery BT, Steinhardt GF. 
Tunica vaginalis free graft for the correction of 
chordee. J Urol 1985;134:311-3. 

[39] Cheng EY, Kropp BP. Urologic tissue engineering 
with small-intestinal submucosa: potential clinical 
applications. World J Urol 2000;18:26-30. 

[40] Bracka A. A versatile two-stage hypospadias repair. 
Br J Plast Surg 1995;48:345-52. 

[41] Baskin L, Lue T. Correction of penile curvature in 
young men. Br J Urol 1998:81:895-9. 

[42] Sassine AM, Wespes E, Schulman CC. Modified 
corporoplasty for penile curvature: 10 years’ exper- 
ience. Urology 1994:44:419-21. 

[43] Yachia D. Modified corporoplasty for the treat- 
ment of penile curvature. J Urol 1990;143:80-2. 

[44] Lue TF, Zeineh SJ, Schmidt RA, Tanagho EA. 
Neuroanatomy of penile erection: its relevance to 
iatrogenic impotence. J Urol 1984;131:273-80. 

[45] Hsu GL, Brock G, von Heyden B, Nunes L, Lue 
TF, Tanagho EA. The distribution of elastic fibrous 
elements within the human penis. Br J Urol 1994; 
73:566-71. 


S Urol Clin N Am 29 (2002) 285-290 


UROLOGIC 
CLINICS OF 
NORTH AMERICA 


Tubularized incised plate (TIP) hypospadias repair 
Warren T. Snodgrass, MD* 


Department of Urology, Pediatric Urology Section, University of Texas Southwestern Medical Center at Dallas, 
5323 Harry Hines Boulevard, Dallas, TX 75390-9110, USA 


Tubularized incised plate (TIP) hypospadias 
repair relies upon a midline relaxing incision to 
widen the urethral plate for urethroplasty without 
additional skin flaps. This incision, extending from 
within the meatus to the end of the plate, not only 
widens it, but also ensures creation of a vertically 
oriented neomeatus with a slit-like opening. Since 
its introduction in 1994 [1] the procedure has 
gained widespread popularity because of its versa- 
tility, low complication rate, and cosmetic results. 

Hypospadias repair utilizing the urethral plate 
dates at least to Mathieu’s 1932 description of the 
flip-flap, but in the past 15 years there has been a 
trend favoring procedures that incorporate the 
plate into the neourethra. This is the result of two 
widespread perceptions: that the plate is usually 
not the cause of ventral penile curvature (as pre- 
viously thought), and that repairs using the plate 
have fewer complications. TIP urethroplasty is a 
logical extension of this reasoning, and it adds 
a third observation that incision into a healthy 
plate heals by re-epithelialization without signifi- 
cant fibrosis. 


Operative technique 


A sound is passed into the meatus to assess 
thickness of tissue overlying the distal urethra. 
A circumscribing incision is then made extending 
in a “U” shaped direction back to healthy urethra 
if it appears shaft skin is attached directly to the 
distal urethra, or alongside the margins of the plate 
when the meatus is proximal. The skin is degloved 
and an artificial erection is performed to test for 
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(W.T. Snodgrass). 


ventral curvature, which is corrected as needed 
by plication at the 12 o’clock position as Baskin 
recommends (see Fig. 1) [2]. 

Next, parallel incisions along the visible mar- 
gins of the plate separate its distal aspect from the 
glans wings. At this stage the plate typically mea- 
sures only 4 to 8 mm in width and appears either 
flat or mildly clefted. With the surgeon and assis- 
tant holding counter-traction, tenotomy scissors 
are used to incise through the epithelium and con- 
nective tissue to near the corpora from within the 
meatus to the distal extent of the plate. Care is 
taken to avoid carrying the incision into the glans 
at the end of the plate, which has both a different 
appearance and texture. Depth of the relaxing inci- 
sion is determined by the extent that the plate is 
grooved (see Fig. 2). A flat plate has a greater thick- 
ness of connective tissue under its epithelial surface 
and requires a deeper cut than a plate that is natu- 
rally deeply clefted with a minimal amount of con- 
nective tissue over the corpora. In fact, when the 
plate has a groove that already reaches near the 
corpora no relaxing incision is needed for tubular- 
ization. After an adequate incision is made the 
width of the plate increases, usually to at least 
12 mm, which should allow creation of the neoure- 
thra without need for skin flaps. If bleeding oc- 
curs 1:1000 epinephrine is dripped onto the wound 
and gentle pressure applied for hemostasis. 

A 6F-silastic stent is passed into the bladder 
and secured to the glans traction suture. The ure- 
thral plate is then tubularized beginning at a point 
near the midsection of the glans so that the neo- 
meatus will have an oval configuration with an 
adequate diameter. Currently, the author uses 7-0 
absorbable sutures, placing the first stitch through 
all layers then continuing from distal to proximal 
in a running subepithelial fashion. Adjacent tissues 
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Fig. 1. Tubularized incised plate urethroplasty. (A) Horizontal line indicates circumscribing incision to deglove penis. 
Vertical lines demark visible junction of urethral plate and glans wings. (B) Urethral plate separated from glans wings by 
parallel longitudinal incisions. (C) Midline relaxing incision of urethral plate from within the meatus to its distal extent 
widens the plate for tubularization. (D) Urethral plate is tubularized over a 6F stent. Note the first stitch at 
approximately the mid glans level, creating an oval meatus. (E) Dartos pedicle is button-holed and transposed ventrally 
to cover the neourethra. (F) Glansplasty begins with subepithelial closure at the corona. The subcoronal preputial collar 
and all skin edges are closed with subepithelial stitches. (G) Completed repair. 


are used, as available, to cover the suture line, then 
a dartos pedicle is dissected from the dorsal pre- 
puce and shaft skin, button-holed, and brought 
ventrally to further separate the neourethra from 
subsequent glans and skin closures. 


Glansplasty begins with a subepithelial stitch of 


6-0 polyglactin or polydioxanone to approximate 
the coronal margin. Then 6-0 ophthalmic chromic 
catgut suture is used to complete closure of the 
ventral glans. Two to three stitches placed between 
the coronal margin and meatus provide adequate 


separation of these structures for optimal cosmetic 
results. Finally, the meatus is secured to the glans 
at the 5 and 7 o’clock positions with 7-0 ophthal- 
mic chromic catgut suture. 

The mucosal collar is approximated to mimic 
the frenulum, then skin closure is completed with 
a variation of Byars’ flaps to create a median raphe 
ventrally [3]. To minimize risk of suture tracts all 
skin surfaces are sutured by subepithelial tech- 
niques [4]. A Tegaderm dressing is applied and the 
stent allowed to drip into diapers for 5 to 7 days. 
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Fig. 2. Urethral plate configuration. A deeply grooved urethral plate (A) has less subepithelial connective tissue than 


does a flat plate (B). 


All patients are treated on an outpatient basis, and 
children are prescribed trimethoprim-sulfa while 
the stent is in place. 


Results 


TIP urethroplasty reliably creates a vertically 
oriented meatus regardless of the preoperative 
appearance of the plate as either flat or clefted. 
In the initial series of 16 patients with distal hypos- 
padias no complications were noted. Subsequently, 


Table 1 
Cumulative published experience with TIP urethroplasty 


a multicenter report of the operation in 148 boys 
confirmed the impression of superior cosmetic 
results compared to flip-flaps or onlay preputial 
flaps. A complication rate of 7% was noted [5]. 
These favorable observations encouraged others 
to begin using the technique, and also inevitably 
led to its application for proximal hypospadias 
and selected re-operations. To date 11 articles rep- 
resenting experience with the operation in 15 insti- 
tutions have been published (Table 1). Most of 
these reports concern distal hypospadias repair 


TIP hypospadias repairs 


Complications 
No. Hypospadias No.  Meatal  Neourethral 
Authors pts location pis stricture Fistula Dehisence Diverticulum 
Snodgrass 16 Distal 0 0 0 0 0 
Multicenter 137 Distal 10 (7) 0 5 2 0 
Multicenter 27 Proximal 3(11) 0 1 1 1 
Steckler & Zaontz 31 Distal 0 0 0 0 0 
2 Proximal 
Ross & Kay 15 Distal and midshaft 0 0 0 0 0 
Sugarman et al 25 Distal 1 (4) 0 1 0 0 
7 Proximal 1 (14) 0 0 1 0 
Retik & Borer 51 Distal and proximal 1 (2) 0 1 0 0 
Snodgrass* 64 Distal 2 (3) 0 1 1 0 
10 Proximal 1 (10) 0 0 1 0 
Holland & Smith 46 Distal 10 22) 0 6 0 0 
Elbakry 27 Distal 4(15) 0 4 0 0 
Oswald et al 30 Distal 16) 0 0 1 0 
Total 416 Distal and proximal 32 (8) GB) 0 18 (4) 5 (1) 1(2) 


Data from [1,5-7,16,19-24]. 


% Includes patients reported in original and multicenter series. Numbers in parenthesis are percentages. 
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with only anecdotal mention of the operation for 
proximal defects. 

The first published series of TIP urethroplasty 
for more severe hypospadias was also from multi- 
ple centers and involved only 27 patients with a 
complication rate of 11% [6]. Personal experience 
with a series of 28 consecutive cases allows two pre- 
liminary observations in these more difficult situa- 
tions. First, the plate is often supple and adequate 
for urethroplasty if straightening of curvature can 
be reasonably achieved without dividing it. Most 
patients will, however, require dorsal plication. 
Second, if the urethral plate has a thin, unhealthy 
character after incision, or seems to be contributing 
significantly to ventral curvature, it should not be 
tubularized. With these restrictions in mind, proxi- 
mal hypospadias, even with a perineal meatus, can 
potentially be repaired using the TIP technique. 

As with other hypospadias repairs, the most 
common complication of TIP urethroplasty is fis- 
tulas. Why these occur despite inverting the epi- 
thelium of the plate and use of barrier tissue 
layers between the neourethra and skin closure, 
and why they might not be recognized in some 
cases for several years after surgery, remain mys- 
teries. Nevertheless, these surgical details seem 
important and can be performed easily. Although 
the operation is new, the cumulative 4% incidence 
of fistulas after TIP repair is low and compares 
favorably to that of other techniques. 

Meatal stenosis is another possible complica- 
tion after hypospadias surgery. In the case of TIP 
urethroplasty meatal stenosis can be attributed to 
various technical factors. For example, failure to 
deeply incise the plate will result in a neourethra 
and meatus of inadequate diameter. In fact, should 
the relaxing incision fail to widen the plate to at 
least 10 to 12 mm it should be carried deeper until 
no further width can be obtained. While it has 
been the author’s experience that an adequate 
width is nearly always achieved, if a deep relaxing 
incision appears to be unsuccessful then another 
repair should be performed rather than proceed- 


ing with tubularization. Another potential cause of 


stenosis is overzealous closure of the distal aspect 
of the plate during tubularization. As mentioned 
above, the first suture should be placed at approxi- 
mately the mid-portion of the glanular plate to 
create an oval, rather than circular, neomeatus. 
Occasionally one, or rarely two, stitches can then 
be placed further distally, but great care is taken 
to leave a generously sized meatus. Some urolo- 
gists have questioned how the resultant opening 
is then situated at the glans apex. The key is subse- 


quent glansplasty, which brings together a solid 
bridge of glans tissues from the corona to the ven- 
tral edge of the meatus and thereby situates the 
urethral opening in a cosmetically normal loca- 
tion. Although some have suggested meatal steno- 
sis might be a frequent complication of TIP repair 
[7], the overall reported incidence is only 3%. 

Partial or complete wound dehiscence is another 
recognized problem following hypospadias sur- 
gery, and also might relate to several technical con- 
siderations. To avoid tension on the urethroplasty 
suture line the author prefers to use a 6F stent 
despite the fact that the neourethra is 10 to 12F 
in size. It is also important to mobilize the glans 
wings laterally to a sufficient extent that their sub- 
sequent approximation is tension-free. Further- 
more, the author has recently adopted the practice 
of others in securing the glans closure with either 
polyglactin or polydioxanone subepithelial suture 
to minimize risk for wound separation, which 
might be more likely to occur with chromic catgut. 
To date, the reported incidence of partial or com- 
plete dehiscence is 1%. 


Discussion 


The history of hypospadias repair demonstrates 
the ingenuity of reconstructive surgeons trying to 
create a functional neourethra. The French sur- 
geon Duplay, who is considered by many the 
father of hypospadiology, recognized a dilemma. 
In his initial attempts to correct proximal defects 
he incised a rectangular strip of ventral shaft skin 
with an adequate width for urethroplasty, but then 
found it difficult to close the wound, so he resorted 
to using a relaxing incision down the dorsal penile 
shaft. Later, in his second method, Duplay red- 
uced the width of the skin flap for urethroplasty 
to facilitate ventral shaft wound closure without 
the dorsal relaxing incision, but then had an inade- 
quate diameter of the neourethra. So he left the 
strip untubularized with a catheter under the skin, 
relying on postoperative epithelial growth over the 
stent to complete the ventral half of the neoure- 
thra—a maneuver later resurrected by Browne [8]. 

Other urologists have used tissues from a vari- 
ety of locations including the prepuce, scrotum, 
and non-genital regions to either supplement the 
urethral plate or to create the entire neourethra. 
These procedures share in common the impression 
that the urethral plate alone is most often inade- 
quate for tubularization into a urethra of adequate 
size. On the other hand, there have been occasional 
descriptions of hypospadias repair primarily invol- 
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ving urethral plate tubularization. Perhaps the ear- 
liest was by Nesbit [9], who depicted a midshaft 
repair by plate tubularization with ventral skin 
closure using dorsal prepuce button-holed then 
transposed over the urethroplasty. King [10,11] 
later advocated the same technique for midshaft 
hypospadias with minimal or no chordee. In these 
procedures the neourethra extended only to the 
corona with no attempt to create a glanular mea- 
tus. Recently, Kass [12] has further developed this 
concept for modern hypospadias repair by making 
incisions lateral to the plate onto the glans to pro- 
duce a glanular meatus. The resultant skin edges 
are said to approximate loosely over an 8F tube. 
However, shaft skin and glanular tissue are poten- 
tially incorporated into the neourethra, and it seems 
unlikely that patients who have a shallow groove 
in the urethral plate can be repaired by this techni- 
que. In fact, van Horn and Kass [13] previously 
stated that the operation was applicable in two 
thirds of boys with distal hypospadias. Finally, 
for the exceptional situation of a very deeply gro- 
oved urethral plate, Zaontz [14] described the 
glans approximation procedure, which relies upon 
the depth of the plate to allow tubularization. 
Similarly, the pyramid repair by Duckett and 
Keating [15] involved tubularization of the exces- 
sively large plate associated with the megamea- 
tus-intact prepuce variant. 

Most boys with hypospadias do not have a dee- 
ply grooved or excessively large urethral plate. For 
patients who have a mildly clefted or essentially flat 
plate, attempts at tubularization inevitably require 
wider incisions, which encroach upon skin or glans 
adjacent to the plate, or acceptance of a smaller 
neourethral diameter. The relaxing incision of TIP 
urethroplasty answers this problem by allowing 
tubularization of the plate—regardless of whether 
it is flat or grooved—without skin flaps or inclu- 
sion of glans tissues. Since this incision has been 
found to be reliably widen even a flat plate, the 
operation is of potential use whenever the urethral 
plate is available. The primary contraindication is, 
therefore, significant ventral penile curvature that 
requires division of the plate to achieve straighte- 
ning—a situation that is not often encountered. 

The major concern with TIP repair has been its 
theoretic resemblance to optical urethrotomy for 
urethral stricture, a procedure that often results in 
recurrent stricture. Both clinical and animal re- 
search indicates that this analogy is unfounded. 
Patients who initially underwent the operation by 
the author were recommended to have periodic 
urethral calibration post-operatively for 1 year. In 


addition, urethroscopy was performed 6 months to 
4 years after repair in selected cases, and flow rates 
were obtained in toilet-trained patients. The mean 
follow-up period was 15 months overall and 45 
months for uroflowometry. No urethral strictures 
were encountered in 72 consecutive patients [16]. 
Furthermore, reviews of published series of TIP 
urethroplasty by others have not found any report 
of urethral stricture [17]. Although routine calibra- 
tion is no longer performed, the author still finds 
reason for urethroscopy in ~10% of patients and 
have consistently noted that the urethra has a 
smooth, normal appearance without evident scar- 
ring in the region of the prior relaxing incision. 

The mechanism of healing after dorsal incision 
of the urethra has also been investigated in dogs. 
Esposito et al [18] surgically created a hypospadias 
defect and simultaneously tattooed the dorsal mid- 
line of the urethra. Three weeks later TIP urethro- 
plasty was performed to repair the lesion, making 
a relaxing incision through the tattoo. After heal- 
ing the animals were sacrificed and the neourethras 
cut transversely. Histologic examination of the 
region where the relaxing incision had been made 
(identified as tissues between the divided tattoo) 
revealed re-epithelialization and subcutaneous 
healing without fibrosis. 

Results of TIP urethroplasty have led to re- 
evaluation of older algorithms for hypospadias 
repair. Specifically, it is now reasonable to begin 
all hypospadias surgery with preservation of the 
urethral plate as the penis is degloved. In the major- 
ity of cases an artificial erection will demonstrate 
no ventral curvature, or bending of such a mild 
extent that dorsal plication gives satisfactory 
straightening. In those few cases in which persis- 
tent curvature cannot be corrected without divid- 
ing the plate, an alternative procedure such as a 
staged repair or tubularized preputial flap should 
be selected according to the surgeon’s preference. 
Otherwise the next step is midline incision of the 
plate. For distal hypospadias this maneuver will 
nearly always result in significant widening, so 
tubularization will complete the urethroplasty. 
Similarly, when the meatus is more proximal a 
relaxing incision can still create an adequate neo- 
urethra, but to date published experience with TIP 
repair for proximal hypospadias is limited. Re- 
operations can also be approached using this algo- 
rithm, especially after failed flip-flaps or onlay 
flaps, because these procedures do not disturb the 
midline of the urethral plate. As with proximal 
hypospadias repair, however, there is limited pub- 
lished data for TIP re-operations to date. 
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Conclusion 


TIP urethroplasty is a versatile operation with 
potential applicability to a wide spectrum of hypo- 
spadias conditions. As further experience accumu- 
lates, its role in more severe hypospadias and for 
re-operations will be better defined, but published 
series from many institutions already indicate that 
the operation has rapidly become a mainstay for 
distal hypospadias repair. 
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Hypospadias is one of the most common 
genital anomalies seen by pediatric urologists. 
Although hypospadias has been noted in one of 
three hundred male newborns, more recent sur- 
veys suggest that this incidence is rising. The mea- 
tal location in boys with this condition ranges 
from just below the tip of the glans in the mildest 
forms to the perineum in the most severe cases. 
The majority (65%) is distal; of these 15% are gla- 
nular, 50% are coronal, 30% are sub-coronal, and 
the remaining 5% are of the megameatus-intact 
prepuce variant. A myriad of surgical techniques 
are used to correct hypospadias, and different phy- 
sicians prefer different methods. Determining the 
appropriate technique depends on several factors 
including meatal location, appearance of the mea- 
tus and glans, presence or absence of chordee, 
quality of ventral skin coverage, quality of the 
intact urethra, and the patient’s circumcision sta- 
tus. The ultimate goal of hypospadias surgery is 
to create a cosmetically appealing penis with a 
terminally situated conical meatus, to correct 
chordee if present, and to ensure a well-directed, 
straight, and full urinary stream in the standing 
position. This chapter will examine common sur- 
gical approaches applicable to children with gla- 
nular hypospadias. Because these anomalies are 
cosmetically less aberrant than more proximal 
variants, only those surgical techniques that assure 
a normal-appearing penis should be undertaken. 


To cut or not to cut, that is the question 


A circumcised boy will frequently present with 
a diagnosis of hypospadias. Physical examination 
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reveals a hypospadiac meatus 1 or 2 mm below 
the tip of the glans, perhaps separated from the 
distal glans groove by a small, transverse cleft of 
tissue. Frequently, if it were not for spreading 
the glans groove to appreciate this minor degree 
of hypospadias, one might never know that a 
defect existed. If the child has a misdirected or 
thin urine stream secondary to the transverse skin 
cleft or meatal stenosis, an unsightly glanular 
appearance, or is uncircumcised then it is reason- 
able to correct the hypospadias at the time of cir- 
cumcision with the creation of a mucosal collar. 
In the absence of these findings the child needs 
no surgical reconstruction. 


Urethromeatoplasty 


The most distal glanular hypospadiac meatus 
is amenable to the simplest of the hypospadias 
techniques, the urethromeatoplasty. This tech- 
nique is accomplished through application of the 
Heineke-Miculicz principle whereby a longitudi- 
nal incision is closed transversely. The purpose 
of urethromeatoplasty is to smooth out and widen 
the posterior urethral plate creating, in effect, a 
single orthotopic urethral meatus. This technique 
is also used in the first portion of the MAGPI 
procedure, as illustrated in Fig. 1A. 


Meatal advancement glanuloplasty inclusive 


The more proximal glanular meatus is amen- 
able to a variety of surgical techniques. John 
Duckett was a pioneer in the creation of what 
became the most widely used procedure to correct 
glanular and coronal hypospadias. He coined this 
procedure meatal advancement glanuloplasty 
inclusive (MAGPI) in 1981 [1]. The main objective 
of this technique is to advance the location of 
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Fig. 1. The MAGPI procedure. (A) Heineke-Miculicz rearrangement with longitudinal incision closed transversely. (B) 
Mucosal collar marked with holding sutures placed. (C) Penis degloved. (D) Points (a ,b, e) denote holding suture 
locations. (E) Point (a) retracted distally to provide meatal advancement whereas (b) and (c) retracted proximally. (F) 
Glanular spongiosum exposed following excision of glans edges. (Alternatively, (G) Marker used to inscribe V along 
glanular edges. (H) V-shaped tissue segment excised). (I) Approximation of glans in two layers. (J) Completed repair 
with mucosal collar. 
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the hypospadiac meatus—without the need for 
urethral tubularization—to the most distal glans 
and to refashion the glans beneath (Fig. 1A—J). 
Unfortunately, one consequence resulting from 
the advent of the MAGPI procedure is the mis- 
conception that it is a simple operation that can 
be applied to most forms of distal hypospadias. 

Patients who are best suited for the MAGPI 
procedure have a meatus positioned within the 
confines of the glans. Although Duckett employed 
the technique at the coronal margin or subcoro- 
nally, the authors would utilize alternative tech- 
niques. Because MAGPI relies on the mobility 
of the meatus to achieve a satisfactory outcome, 
the parameatal skin should be mobile enough to 
be lifted off the urethra for it to be advanced. 
One cannot pull the meatus up to the most distal 
glans from the coronal/subcoronal location except 
under tension. The most common complication 
the authors see upon evaluating a child who has 
undergone a prior MAGPI elsewhere is a meatus 
situated in its original pre-surgical location with 
a change only in the circumcision status. Thus 
patient selection is critical. 

Review of the MAGPI literature provides 
ample evidence of the importance of patient selec- 
tion. Unluer et al noted a partial meatal regression 
rate in 22% of patients and complete regression in 
15% of patients [2]. All glanular cases had an 
excellent outcome, suggesting that case selection 
may have been partially responsible. Paulus et al 
compared 131 MAGPI procedures to 89 Duplay 
procedures. While they had excellent cosmetic 
results with glanular hypospadias using the 
MAGPI repair, they were less satisfied with the 
repair of coronal and subcoronal defects because 
of resulting chordee [3]. 

Duckett evolved the MAGPI procedure over 
time to address the issue of meatal regression. In 
its final version he described performing a two- 
layer glans closure incorporating the spongiosum 
and a superficial approximation of glanular 
epithelium. He also added fixation of the ventral 
meatal edge with fine chromic sutures to make 
glanular separation less likely. Modification of 
the technique to specific anatomic situations 
includes wedge excision of any thick tissue bridge 
distal to the meatus rather than simple midline 
incision. Additionally, glanular “dog ears” seen 
occasionally following the meatal advancement 
were excised to achieve a smooth conical glans. 

The authors have modified the MAGPI pro- 
cedure to allow for the mucosal collar, which is 
not described in any of the MAGPI descrip- 


tions (Fig. 1B-J). The advantage of the mucosal 
collar—in addition to improving ventral skin 
coverage—is the illusion that the newly located 
meatus appears even more distal than it would 
otherwise look. Credit must be given to Duckett 
who, by introducing the MAGPI procedure 
almost 20 years ago, has stimulated others to 
develop or modify techniques that provide opti- 
mal results when the MAGPI procedure is less 
desirable or contraindicated. 


M-inverted V glansplasty 


In 1991 Decter developed a simplified hypospa- 
dias repair for distal hypospadias without urethro- 
plasty that was designed to decrease the risk of 
meatal retraction seen in the MAGPI procedure. 
He named this the M-inverted V glansplasty 
(MIV). Presently the MIV is one of the authors” 
preferred techniques for proximal glanular hypo- 
spadias repair. To perform this technique (which 
is applicable for patients with proximal glanular/ 
coronal hypospadias) there must be compliant 
parameatal skin to allow for mobilization of the 
meatus (Fig. 2). This procedure physically trans- 
fers the ventral urethral lip thereby achieving a true 
distal meatus. The glanular tissue is well apposed, 
and a mucosal collar completes the repair. 


Glans approximation procedure 


The glans approximation procedure (GAP) 
is a surgical technique designed specifically for 
patients with proximal glanular/coronal hypospa- 
dias who have a wide, deep glanular groove and 
a noncompliant or “fish mouth” meatus [4]. Com- 
mon candidates for the GAP include patients who 
have an intact prepuce and megameatus hypospa- 
dias. The pyramid procedure is essentially the 
GAP in patients who have a complete foreskin 
[5]. The GAP is a stentless urethral reconstruction 
that requires minimal glanular wing mobilization 
while maintaining an adequate urethral lumen. 
The glans groove is typically deep enough that if 
one were to pinch the glans wings together a nor- 
mal cosmetic appearance would result. This obser- 
vation has led to the thought that this form of 
hypospadias might be handled more simply by 
de-epitheliazation of the glans skin just lateral 
and proximal to the urethral plate and hypospa- 
dias meatus, respectively, to essentially finish what 
nature had already started. This technique is a 
modification of the Thiersch-Duplay hypospadias 
repair without the extensive mobilization of 
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Fig. 2. The MIV procedure, (A) M-shaped markings made including mucosal collar followed by incision. (B) Holding 
suture used to retract meatal lip distally and proximal dissection of ventral tissue. (C) Urethromeatoplasty performed 
followed by ventral approximation of glans. (D) Two-layer closure over urethral repair. (E) Completed repair including 


mucosal collar. 


glanular flaps. As with all of the reconstructive pro- 
cedures for hypospadias, attention must be given 
to the posterior urethral plate to see if there is a 
transverse cleft in the glans groove. It is impera- 
tive that the posterior urethral plate be flat to 
avoid any changes in the flow of urine as it exits 
the urethra (see urethromeatoplasty). An alterna- 
tive to advancing the posterior urethral tissue is to 
simply incise the tissue longitudinally and leave 
the defect to heal secondarily, as is the concept 
with the Snodgrass technique (see pp. 285-290, 
this issue). Fig. 3 describes the technical aspects 


of the GAP. The outcomes for centers using this 
approach have been excellent. Gittes et al have 
reported a fistula rate of 2.7% using this technique 
and emphasize the ease and reliability of this 
approach [6]. 


Urethral advancement procedure 


Another approach in the management of the 
hypospadiac meatus is mobilization of the distal 
urethra. This approach was first described 100 
years ago by Beck and Hacker [7] and depends 
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Fig. 3. The GAP procedure, (A) Markings made incorporating mucosal collar. (B) Meatal edge sharply incised. (C) 
Appearance prior to neourethral closure. (D) Two-layer running subcuticular closure of neourethra. (E) Epithelial 


approximation of glans and mucosal collar. 


on extensive urethral mobilization to obtain a 
tension-free anastomosis with the terminal glans. 
Refer to Fig. 4 for details of this technique. This 
approach has been revived by Belman [8], Water- 
house and Glassberg [9], and Koff [10]. The 
authors do not routinely employ this technique 
because of concerns regarding meatal stenosis. 
Atan et al recently published an account of 35 
patients who underwent this repair. Eight (23%) 
developed meatal stenosis [11]. Keramidis and 
Soutis reported no instances of meatal stenosis 
but had an overall complication rate of 10% with 
a fistula rate of 6% [12]. In their series of 69 
patients Spencer and Perlmutter noted mild meatal 
retraction in two patients, stenosis in five patients, 
and fistula in one patient [13]. More recently this 


approach has been described in the repair of ure- 
thral circumcision injuries with good results [14]. 


Parameatal-based flap variants 
Mathieu procedure 


The meatus can be advanced onto the glans by 
raising a flap proximal to the meatus and closing 
it over the urethral plate distally. Initially 
described by Mathieu [15], this procedure has 
since been adopted widely. Theoretical concerns 
exist regarding the vasculature of the employed 
flap. If it is insufficiently wide the blood supply 
may be compromised with the attendant risk of 
fistula and stenosis. A recent series by Meyer- 
Junghanel et al supports this concern; the reported 
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Fig. 4. The urethral advancement procedure. (A) Circumferential inscription of meatus and mucosal collar. 
(B) Degloving of penis followed by mobilization of meatus and urethra. (C) Excision of portion midline spongiosum. 
(D) Urethromeatoplasty and approximation of glanular spongiosum. (E) Proximal deep urethral tissue coverage. 
(F) Completed repair including mucosal collar. 


fistula rate was 12.5% of 120 patients [16]. De- 
spite these concerns, skillful application of this 
approach can yield outstanding results, as evi- 
denced by the report of Minevich et al, who had 
a re-operation rate of only 1.5% [17]. 


Barcat procedure 


This is a variation of the Mathieu technique in 
which the urethral plate is raised as a second flap 
in addition to the parameatal flap. The glans is 
then split dorsal to the urethral plate and the 
neourethra is placed deep within the glans tissue 
(see Fig. 5). This technique, originally described 
by Barcat [18], creates a more natural neomeatus. 


Barthold et al, who recently published a series of 


295 patients, have revived this repair. An excellent 
cosmetic result was achieved in 94% of patients. 


Of note was the presence of a 5% fistula rate for 
glanular repairs and an 18% fistula rate with a 
penile meatus [19]. The high fistula rate for the 
penile repairs may reflect the free flap nature of 
this approach. Jayanthi and Koff reported a fis- 
tula rate of 2.6% in 300 patients who underwent 
this procedure [20]. Their improved fistula rate 
compared to Barthold et al's series may reflect 
Jayanthi and KofP's use of a second layer of vascu- 
larized subcutaneous tissue. 


Discussion 


Satisfactory achievement of both functional 
and cosmetic results are critical in the repair of 
distal hypospadias. Failure to achieve both may 
have profound implications for patients. 
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Fig. 5. The Barcat technique. (A) Incision of urethral plate following skin markin 


(B) Urethral plate dissected free 


from glans distally with skin elevated proximally. (C) Urethral plate and proximal skin approximated followed by wedge 
excision of glanular spongiosum. (D) Glanular spongiosum approximated over neourethral repair. (E) Completion of 
deep glans approximation. (F) Mucosal collar and glans epithelium approximated. 


Recent studies suggest that hypospadias may 
have a significant effect on future psychosexual 
development. Mureau et al studied psychosexual 
adjustment and genital perception in 116 hypospa- 
dias patients between the ages of 9 and 18 years and 
compared them with controls. Hypospadias 
patients had a more negative genital appraisal and 
39% desired functional or cosmetic improvement 
[21]. In a related study the same authors investi- 
gated the psychosexual adjustment in 73 adult 
hypospadias patients and compared them with 
controls. The hypospadias patients demonstrated 
inhibition in seeking sexual contacts and were 
more likely to have negative genital appraisals [22]. 

Such studies support the authors’ philosophy 
of correcting cosmetically significant glanular 


hypospadias. The surgeon’s familiarity with all 
of the major approaches in anterior hypospadias 
repair is critical in achieving optimal results for 
these patients. Those physicians who apply a sin- 
gle repair to all distal hypospadias repairs will be 
inviting disappointment from poor functional and 
cosmetic outcomes. 
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Hypospadias is defined as a ventral defect of the 
penis, which is associated with various degrees of 
urethral, corpora spongiosum and cavernosa, and 
penile skin defects [1]. The prepuce is deficient on 
the ventral aspect resulting in a dorsal hood appear- 
ance. Although various classifications have been 
introduced, a commonly accepted one is based on 
the location of the meatus after releasing the curva- 
ture. Using this system, hypospadias can be classi- 
fied as anterior, middle, and posterior. In a series 
of 1286 patients from the Children’s Hospital of 
Philadelphia, the incidence of middle hypospadias 
was 21% compared with 49% and 30% for anterior 
and posterior hypospadias, respectively [1]. Middle 
hypospadias has been further classified as distal, 
penile, midshaft, and proximal penile [1]. It is appa- 
rent that the term midshaft hypospadias comprises a 
small portion of patients with hypospadias; how- 
ever, many principles and techniques of repair can 
be applied to all penile shaft hypospadias. 

We will review current concepts for manage- 
ment of midshaft hypospadias with emphasis on 
our preferences for the urethral reconstruction 
and chordee repair. 


Historical perspectives 


The goals of hypospadias repair have evolved 
throughout the past two centuries. Although the 
creation of a functional urethra with a straight 
penis was the primary goal of the pioneers in hypo- 
spadias repair, modern approaches to repair focus 
on cosmesis as well. Increased cosmetic expecta- 
tions and a better understanding of the patho- 
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physiology of this deformity have resulted in an 
array of new surgical techniques and modifications 
to achieve these goals. Two major components of 
all modern repairs include reconstruction of the 
urethra with a normal positioned meatus and cor- 
rection of the curvature. Urethral reconstruction 
may incorporate adjacent skin flaps, free skin 
grafts, and mobilized vascularized flaps. Regard- 
less of the technique used, it has been shown that 
vascularized flaps are generally superior to free 
skin grafts [2,3]. Another advancement involves 
management of the urethral plate for repair of cur- 
vature [2,4]. In the past, the urethral plate was 
thought to be responsible for the severe curvature 
associated with hypospadias [5]; hence the urethral 
plate was frequently excised. 

The realization that excision or division of the 
urethral plate was not necessary for correction of 
the curvature increased the number of onlay flap 
repairs in hypospadias [4,6-8]. In recent years, sev- 
eral modifications of onlay flaps for hypospadias 
repair have been reported [9,10]. In general, onlay 
procedures are associated with a decreased rate of 
long-term complications such as urethrocutaneous 
fistula and diverticulum formation compared with 
tubularized pedicle flaps and grafts [3,4,7]. In an 
onlay flap, the urethral plate serves as a backbone 
for the repair, thus allowing for a more uniform 
lumen; this is preferable to the tubularized flap, in 
which the entire circumference of the neourethra 
is made from the preputial tissue. In short, the 
modern approach to repair of midshaft hypo- 
spadias attempts to preserve the urethral plate if 
possible. Nevertheless, in cases of severe chordee 
associated with an atretic or underdeveloped ure- 
thral plate, resection of the tethering tissue or the 
splayed spongiosum may be necessary as a compo- 
nent of orthoplasty. In this scenario, the transverse 
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preputial island tube flap as reported by Duckett 
[5] is the most commonly performed repair. 
Based on these principles, we use a preputial 


transverse island onlay or tube flap for repair of 


the majority of midshaft hypospadias. 


Surgical treatment 
Timing of surgery and preparation 


Surgical treatment for hypospadias is prefera- 
bly performed between 6 and 18 months of age. 
The use of a 5% testosterone cream or intramuscu- 
lar injections of testosterone propionate has been 
reported to enhance penile size prior to the repair 
[11]. In a recent study, the use of human chorionic 
gonadotropin (HCG) resulted in an increase in 


penile length mainly proximal to the meatus of 


an average of 11.4 mm; the authors concluded that 
this has decreased the severity of hypospadias and 
simplified the required surgical procedure [12]. The 
use of preoperative androgen treatment has been 
controversial, and whether or not testosterone is 
superior to HCG is not clear [13]. Currently, there 
are no proven significant contraindications to the 
use of preoperative hormonal therapy [13]; how- 
ever, we believe that long-term effects of androgen 
treatment are unclear, and we reserve IM injections 
of testosterone for severe cases in which the penile 
length and girth are below the 10th percentile, 
which occurs more commonly in proximal cases 
such as perineal and penoscrotal hypospadias. 


Anesthesia 


As in most pediatric centers, we perform hypo- 
spadias repairs on an outpatient basis. Patients 
receive caudal anesthesia with general anesthesia 
and are discharged with oral codeine for 2 to 5 
days, after which they receive regular-strength 
Tylenol for pain control. Sometimes the decision 
is made to keep an indwelling caudal catheter over- 
night for pain management. In cases where caudal 
anesthesia is not possible, a formal penile block 
using marcaine is performed. 


Techniques for repair 


Choice of repair 


A primary determinant in successful repair of 


any midshaft hypospadias is the decision regarding 
the type of the repair. This decision is based on the 
condition of the urethral plate, the amount of fore- 
skin available, and the degree of the curvature 
present. The decision can only be made intraoper- 


atively. Although the choice of repair can be indi- 
vidualized based on the surgeon’s experience and 
preference, some general principles apply and are 
agreed upon. In cases of a poorly developed ure- 
thral plate or associated severe chordee requiring 
excision of fibrovascular tissue, a transverse island 
tube flap is the repair of choice; however, if the ure- 
thral plate is well developed and has a good caliber 
without associated severe chordee, an onlay flap or 
a tubularized incised plate (TIP) repair has been 
advocated [6,14]. We prefer a preputial transverse 
onlay flap and reserve the double face onlay flap 
for situations in which there is severe deficiency 
of ventral skin coverage [10]. In the following, gen- 
eral aspects of repair and common techniques are 
described. 


General principles 


A 10 F urethral silastic catheter is passed into 
the hypospadiac meatus to assess the ventral ure- 
thral lumen proximally after degloving the penis. 
The opening may appear more distal, but using 
the white line of silastic catheter identifies underde- 
veloped ventral urethral tissue (Fig. 1). A circum- 
ferential skin incision is made, and Firlits flaps 
[1] are created to make a mucosal collar; the penile 
skin is then degloved dorsally. When proceeding 
ventrally, care must be taken to remove the skin 
from the spongiosum, where it is usually adherent. 
It is vital to approach this part of the dissection 
from lateral to medial and to always stay more lat- 
eral then one would think necessary to avoid 
bleeding from the underlying splayed spongiosal 
tissue. If bleeding occurs, the dissection is being 
performed in the wrong plane. Care must be taken 
when separating the underlying urethra from the 
ventral skin to prevent injury to the urethra. When 
approaching the urethral plate, the axis of the 
shaft of the scissors must be kept parallel to the 
urethral plate. Gentle upward lifting and opening 
of the scissors separates the ventral skin from the 
underlying urethra and spongiosum. After deglov- 
ing is complete, a tourniquet is applied to the base 
of the penis and an artificial erection is created uti- 
lizing lactated Ringer’s solution. 

Minimal tissue handling is crucial for a suc- 
cessful repair. We only utilize a tourniquet during 
evaluation of chordee and occasionally during 
glanuloplasty for adequate visualization. The 
key to bloodless hypospadias surgery is being in 
the correct plane. Epinephrine or other vasocon- 
strictive agents have been advocated for impro- 
ved operative visualization [1]. We have not 
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Fig. 1. The silastic catheter is utilized to perform a “white line test” to detect an underdeveloped ventral urethral plate. 


found this necessary and thus have not used this 
approach. 


Repair of curvature 


Penile curvature is multifactoral. It may be 
secondary to a deficiency of skin, dartos fascia, 
urethral plate, or spongiosal tissue or corpora 
cavernosa disproportion. Some curvature resolves 
or improves significantly after degloving the penis 
[15]. If curvature persists after these maneuvers, 
orthoplasty before urethroplasty is necessary. 

Persistent curvature is related to a deficient 
growth of the corpora cavernosa on the ventral 
aspect. The principle of repair, therefore, can be 
divided into procedures aimed at shortening the 
corpora dorsally or those that lengthen the cor- 
pora ventrally. Recently, total penile disassembly 
has been advocated to repair severe curvature 
[16]. Dorsal plication has been performed in mild 
to moderate curvatures using the Nesbit technique 
or various modifications [17,18]. Anatomical stud- 
ies have demonstrated that the course of the dorsal 
neurovascular bundles is lateral on the corpora 
cavernosa and not at 12 o’clock as presumed pre- 
viously [19]. Therefore, our current technique for 
dorsal plication uses a midline vertical incision at 
the point of maximum curvature and subsequent 
transverse closure using interrupted 4.0 proline 
suture with inverted knots. 

Dorsal plication, though simple in principle, 
will invariably result in shortening of the penile 
shaft, especially in more severe cases. Our belief is 
that the penis will be as long as its shortest aspect. 


Therefore, correction of more severe penile curva- 
tures requires additional techniques to increase 
the length of the ventral aspect of the corpora cav- 
ernosa. This can be achieved using a dermal graft 
or allogenic or synthetic material [2,20,21]. We 
use a cadaveric pericardial graft with additional 
tunica vaginalis augmentation for repair (Fig. 2). 
The urethral plate is completely mobilized and 
lifted away from the underlying corpora cavernosa. 
Anellipsoid incision is made at the point of greatest 
curvature through the tunica albuginea, which is 
mobilized from the underlying corpora cavernosa. 
This defect is closed with a cadaveric pericardial 
patch that is 20% larger than the defect itself to pre- 
vent contracture induced recurrent curvature. The 
patch is then covered with an onlay flap of tunica 
vaginalis, which serves as a second layer and sepa- 
rates the free pericardial graft from the urethral 
plate. A schematic diagram of how we approach 
correction of chordee is shown in Fig. 3. 


Spongioplasty/glanuloplasty 


Normally, the corpus spongiosum surrounds 
the urethra circumferentially; however, the ventral 
spongiosum is deficient in hypospadias and often 
remains splayed laterally adjacent to the urethral 
plate inserting at the 4 o’clock and 8 o’clock posi- 
tions under the glans. We have routinely dissected 
this spongiosal tissue and incorporated it into the 
repair. 

Using both sharp and blunt dissection, the 
spongiosal tissue is separated from the underlying 
tunica albuginea and used to cover the suture line 
of the urethroplasty. Our approach or steps utilized 
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Fig. 2. Chordee correction using a ventral lengthening procedure (cadaveric pericardial graft with additional tunica 
vaginalis flap). (A) Diagram showing site of incision (*) ventrally at point of maximum curvature after the urethral plate 
is mobilized off the underlying corpora cavernosa. The dotted outline shows the anticipated axis of the penis after 
completion of the ventral lengthening procedure. (B) Ellipsoid defect created after an incision is made into the tunica 
albuginea at the point of maximum curvature ventrally and the underlying corpora cavernosa is mobilized using sharp 
dissection. (C) Lateral view of large ventral defect with resultant straightening of penile axis. (D) Cadaveric pericardial 
patch utilized to cover the ventral defect with a running suture. (E) An onlay flap of tunica vaginalis (*) is used to 
separate the free pericardial graft from the urethral plate (T, testis). 
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in performing the spongioplasty/glansplasty are 
shown in diagram form (Fig. 4A). The dissection 
of the spongiosal tissue is performed underneath 
Buck’s fascia in an avascular plane, which is 
followed distally to its insertion under the glans 
(step 1). Next, two separate superficial incisions, 
parallel to and at the edge of the urethral plate, 
are made and slightly deepened (step 2). A third 
incision following the spongiosal tissue to the tip 
of the corporal body in the glans is made and 
curved across toward the urethral plate and con- 
nected to the incisions made parallel to the ure- 
thral plate (step 3). Hence, the template provided 
by the spongiosal dissection provides a roadmap 
for the proper location, depth, and angle for the 
creation of the glans wings (Fig. 4A—E). 


Urethroplasty 


Our techniques for urethroplasty of midshaft 
hypospadias include an onlay flap with its 
modifications and transverse island preputial tub- 
ular flaps. The TIP technique described by Snod- 
grass was originally utilized for repair of distal 
Fig. 2 (continued) hypospadias [22] with a reported 7% complication 
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Fig. 3. Algorithm of factors considered and steps taken for correction of chordee. 
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Fig. 4 (continued) 


rate [23] and has recently been advocated for more 
proximal hypospadias repair with a slightly higher 
complication rate of 11% [14]. We do not recom- 
mend the TIP technique for midshaft hypospadias 
because of the unknown long-term outcomes and 
uncertainty as to whether or not the neourethra 
will be of adequate caliber 10 to 15 years later. 
We prefer an onlay flap in cases of a preserved ure- 
thral plate with good blood supply. If the urethral 
plate is deficient or has to be excised, a transverse 
island tubular flap is our procedure of choice. 


Onlay island flap 


Fig. 5 illustrates the steps in the creation of an 
onlay island flap. Traction sutures are placed on 
the dorsal preputial edges after performing the 
degloving circumcision incision and correction of 
chordee. The length of the urethral defect is then 
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measured and the preputial flap is harvested. This 
flap is based on the vascular supply of the inner 
prepuce, which originates from the external 
pudendal. The blood supply to the flap is centrally 
located and lies proximally from the 11 o'clock 
to 1 o’clock position and fans out more laterally 
to the 2 o'clock to 10 o'clock position distally. 
To harvest the flap, the dissection is carried out par- 
allel to the pedicle on the shaft skin side. If the 
dissection is in the right plane, no bleeding is 
encountered. The lateral edges of the flap are 
trimmed and rounded before the anastomosis. 
The anastomosis is performed proximal to distal 
with a 7.0 vicryl simple running suture from inside 
on the flap side and then a subcuticular closure on 
the other side. An interrupted 6.0 vicryl suture is 
used to reapproximate the neomeatus to the glans. 
The neomeatus is placed at a position on the glans 
where the “knobs” or the ventral-most aspect of a 
normal meatus would lie. The glans is then reap- 
proximated using a 6.0 vicryl suture for superficial 
skin closure. We stopped using deep reapproxi- 
mating sutures because we have not found them 
necessary to maintain glans approximation and 
configuration. We have found that a deep stitch 
can sometimes serve as an iatrogenic point of nar- 
rowing. The key factor in achieving a normal- 
looking glans without obstruction is the mobility 
of the glans wings. 

The ventral skin coverage is then achieved 
using either rotational Bayer’s flaps or ventral skin 
mobilization. Excellent results using onlay flaps 
have been reported in large series [4,6-8]. Baskin 
et al [4] reported 374 onlay repairs, 65 of which 
had proximal hypospadias. The complication rate 
at a mean follow-up of over 2 years was 8.6% with 
an urethrocutaneous fistula rate of 6%. 

Modifications of the onlay technique have been 
reported, including a double onlay preputial island 
flap and the split prepuce in situ onlay [9,10]. Ina 
recent report, the use of a double onlay for repair 
of proximal hypospadias in 47 patients resulted in 
a 25% reoperation rate and 7% fistula rate [24]; the 


Fig. 4. Spongioplasty. (A) The spongiosal dissection provides a roadmap for the creation of the glans wings. First, the 
spongiosum is dissected off the tunica albuginea laterally and followed to its point of insertion under the glans (1). 
Superficial incisions are made parallel to the urethral plate and subsequently deepened (2). A third incision is made 
medially from the spongiosal tissue around the corporal bodies within the glans tissue, toward incision 2 (3). This 
provides a roadmap for the proper location, depth, and angle for the creation of the glans wings. (B) The spongiosal 
tissue (*) is splayed laterally and inserts under the glans. (C) Spongiosal dissection is performed sharply in an avascular 
plane underneath Buck’s fascia in a lateral to medial direction. (D) The spongiosal tissue is free and the glans wings are 
mobilized. (E) The spongiosal tissue can be approximated medially and serve as a second layer of closure after the 


urethroplasty is performed. 
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Fig. 6. Transverse preputial island flap repair. (A) Proposed initial incisions for proximal shaft and penoscrotal 
hypospadias (dashed lines). (B) Resection of fibrotic corpus spongiosum distal to the meatus. (C) Incision of preputial 
skin of appropriate dimensions for length of defect and width for desired luminal diameter (arrows). (D) Harvested 
transverse preputial island flap. (E) Running subcuticular suture tubularization is performed over a 6 F silastic catheter. 
(F) Native urethral meatus is fixed to corpora cavernosa before performing proximal anastomosis with the neourethra 


(curvedarrow). 


authors concluded that in cases of more proximal 
hypospadias, the double onlay offers the advant- 
age of superior blood supply and results in 
improved outcome. 

In cases of severely deficient ventral skin, we 
perform a modification of the double onlay flap 
[9,10]. The prepuce is split into two adjacent por- 
tions horizontally, leaving the common blood sup- 
ply intact. The distal prepuce is used for creation 
of the neourethra, while the proximal portion pro- 
vides ventral skin coverage. The split preputial flap 
has the advantage of providing a skin island flap 
that covers the suture line of the urethroplasty. 


The key technical point is superficial dissection 
of the prepuce to allow separate use of the two por- 
tions without compromising the common blood 
supply. 


Transverse island preputial tube flap 


This repair is our primary choice in cases of a 
deficient urethral plate (Fig. 6). 

After degloving the penile shaft, the chordee is 
repaired as indicated previously. Since these cases 
are usually associated with more severe chordee, 
we perform a tunica vaginalis augmented ventral 


« 


Fig. 5. Onlay island flap repair. (A) Proposed incisions for the urethral plate and preputial skin onlay (arrows). (B) 
Pedicled preputial skin onlay with stay sutures. (C) Initial full-thickness suture approximation of onlay flap and urethral 
plate. (D) Approximation at proximal extent. (E) Completion of anastomosis with running subcuticular technique. (F) 
Inferolateral border of onlay pedicle is advanced as a second layer coverage of proximal and longitudinal suture lines. 


(G) Approximated glans. (H) Completed repair. 
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tunica albuginea patch using pericardium. A trans- 
versely oriented rectangle from the inner prepuce is 
then dissected in a similar fashion to the onlay flap 
to cover the distance between the urethral opening 
proximally to the tip of the glans. The width of this 
flap is 12 to 15 mm. The inner prepuce is then tubu- 
larized over an 8- to 10-F silastic catheter using a 
7.0 vicryl suture. The neourethra is transferred 
ventrally and anastomosed to the proximal end 
of the native urethra with an interrupted 6.0 vicryl 
suture. The neomeatus is reapproximated with the 
interrupted 6.0 vicryl suture to the glans wings to 
produce a circumference size of 10 F. Tissue pro- 
vided by the spongioplasty is often available as a 
second layer of closure over the primary suture 
line. The glans wings are reapproximated superfi- 
cially using a 6.0 vicryl suture, and the skin closure 
is performed in a similar fashion as for onlay flap 
with a 5.0 chromic suture. 


StentsIdressings 


During the urethroplasty, the caliber of the uri- 
nary stream and the water-tightness of the closure 
are evaluated by manual compression of the blad- 
der on the lower abdomen to express urine perio- 
dically. We use an 8-F urethral stent for all 
transverse island tube flap repairs. If an onlay is 
used, the decision to place a stent is based on the 
extent of the urethroplasty. We use double diapers 
when a stent is used. The stent is left long enough 
to be placed outside the first diaper and placed into 
a second diaper to divert the urine and keep the 
child’s skin dry. Although there is debate about 
the need for a dressing, a recent prospective 
randomized trial in 100 patients demonstrated no 
difference in clinical outcome of the operation 
[25]; therefore, the use of a dressing may not be 
necessary in all cases. We use a coban dressing 
for most midshaft hypospadias (Fig. 7). 


Follow-up 


The coban dressing is soaked off 24 to 48 hours 
postoperatively by the parents. The urethral stent 
is removed 3 to 5 days postoperatively. Sitz baths 
are used during the first week postoperatively. Poly- 
sporin topical ointment is applied judiciously for 
the next 2 weeks during the healing process. The 
child is seen in follow-up 6 to 8 weeks later, and 
a uroflow is performed if the child is toilet-trained. 
Biannual exams are performed for the first year; 
annual exams are performed thereafter, including 
a uroflow as indicated. A poor uroflow in conjunc- 


Fig. 7. A Coban dressing placed in a nonconstrictive 
fashion around the shaft of the penis and an indwelling 
stent. 


tion with obstructive urinary symptoms, such as 
straining to void and intermittency, are indicative 
of a urethral or meatal stricture. In these situa- 
tions, a voiding cystourethrogram or a retrograde 
urethrogram may be employed; urethral dilation 
or cystoscopic examination may be required for 
precise anatomical evaluation before any repair. 


Complications 


Minor complications such as hematoma and 
infection can be managed conservatively with 
appropriate antibiotic treatment. Complications 
that may require reoperation include meatal steno- 
sis, urethral stricture, urethrocutaneous fistula, 
urethral diverticulum, breakdown of repair, and 
residual curvature [26]. Using modern techniques 
for repair of midshaft hypospadias, the rates of 
the long-term complications have decreased signif- 
icantly. Urethrocutaneous fistulas require repair 
after a 6-month waiting period to allow for com- 
pletion of healing and good vascularity if repair 
is required [1]. Adequate vascularization and 
wound healing is paramount to successful recon- 
struction. Minor fistula closure can be performed 
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as a one-stage procedure using local tissue trans- 
fer. The repair of more severe defects associated 
with urethral strictures or breakdown of anasto- 
mosis require a re-do hypospadias repair with 
extensive urethroplasty. 


Re-do hypospadias repair 


The evaluation of patients following failed 
hypospadias repairs should include careful assess- 
ment of the urethral defect, any urethral strictures, 
the meatal caliber, residual chordee, vascularity of 
available penile skin and the distribution of scar 
lines. Based on these findings, subsequent recon- 
structive efforts can be planned. 

The correction of urethral defects may be 
accomplished either by tubularization (with or 
without dorsal incision of the plate) techniques 
or using an onlay flap. If a tubularization urethro- 
plasty is not possible due to extensive scarring of 
the plate then our preference, even in re-do cases 
is to develop a local skin flap. These flaps can 
either be meatally based, if the scar distribution 
allows [27] or as a transverse island flap off the pre- 
putial skin that was transposed ventrally during a 
prior procedure. In more than 90% of re-do cases 
that we have dealt with, the defect was successfully 
corrected in the majority of cases using a local skin 
flap. In rare situations we have had to resort to tis- 
sue expansion techniques, usually along the dor- 
sum of the shaft, to expand the only healthy skin 
present in the penis. The expansion is carried out 
gradually over a 4-week period, after which a gen- 
erous segment of healthy skin becomes available 
for single-stage or two-stage reconstruction. 

In general, we have avoided using skin or 
mucosal free grafts in patients who require repeat 
penile reconstruction [28,29]. In these situations, 
the penis may be significantly scarred and thus a 
free graft would have a lower probability of suc- 
cessful engraftment in a relatively ischemic, 
fibrotic bed. Obviously the best time to use a graft 
is during the initial repair. Ironically, in the fresh 
case, skin flaps are readily available to correct 
most midshaft defects and the use of a graft is 
rarely required. In the past 10 years, we have not 
used a graft for the correction of any new or re- 
do midshaft hypospadias defects. 

Urethral strictures occur at the proximal or 
are uncommon distal anastomosis. The proximal 
strictures may be either in the form of a diaphragm 
with a central narrow opening, or a ventral web 
with an opening that is offset dorsally. The first 
type can usually be dealt with by transurethral vis- 


ual urethrotomy. One must avoid the temptation 
of incising the ventral aspect of the urethra in the 
latter type of strictures, as this results in urine leak 
into the scrotum and may lead to abscess forma- 
tion. An open urethroplasty, carefully performed, 
will correct the problem. 

The development of a urethral diverticulum 
following an island flap urethroplasty is usually a 
result of distal obstruction. Subsequently, the ad- 
vancing distal tip of the diverticulum promotes the 
obstructive lesion, in a fashion analogous to that of 
an anterior urethral valve. Surgical revision of the 
distal anastomosis will prevent progression of the 
diverticular defect. Trimming of the redundant 
urethral tube can be performed if the caliber of 
the reconstructed urethra has become rather exten- 
sive or if it is causing a bothersome postvoid drip. 

Mild to moderate residual or recurrent chordee 
after an otherwise successful repair is generally 
managed conservatively until after puberty. If the 
reconstructed urethra and ventral skin coverage 
have healed without fibrosis, most recurrent chor- 
dee will be due to disproportionate growth of the 
corpus cavernosum. Therefore, to avoid repeated 
attempts at straightening the penis, it would be 
beneficial to wait until the patient is fully grown. 


Summary 


The key to successful hypospadias surgery is 
minimal tissue handling, tension-free reconstruc- 
tion, the use of well-vascularized tissue, and knowl- 
edge of which repairs are indicated. Preservation of 
the urethral plate along with an onlay graft has a 
low complication rate and should be attempted 
for midshaft hypospadias repair. Although tubu- 
larized pedicle flaps increase the risk of com- 
plications such as urethral strictures, urethral 
diverticula, and fistulas, they provide a good alter- 
native in the presence of a poorly developed 
urethral plate. For correction of the penile curva- 
ture, we recommend ventral lengthening proce- 
dures in cases where simple dorsal plication will 
result in shortening of an already compromised 
penile length. Using these principles, excellent cos- 
metic and functional results can be expected for 
treatment of midshaft hypospadias. 
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Hypospadias is one of the most frequently 
encountered congenital malformations of the geni- 
tourinary system. Approximately 20% of hypospa- 
diac urethras are located proximally, anywhere 
from the penoscrotal to the perineal region. Repair 
of proximal defects is still one of the most challen- 
ging surgical procedures facing the hypospadiolo- 
gist. Modifications of current techniques for the 
correction of proximal hypospadias as well as new 
innovative techniques continue to be proposed [1,2]. 

The current goals of proximal hypospadias 
surgery are: (1) creating a straight penis, (2) posi- 
tioning of the meatus on the penile tip, (3) normal- 
ization of erections and voiding, (4) creating a 
urethra of adequate and uniform caliber, (5) sym- 
metry in appearance of the glans and shaft, and 
(6) decreasing complications. 

Even in the hands of the most experienced sur- 
geons, proximal hypospadias repair is associated 
with a number of complications, including ure- 
throcutaneous fistula, stricture, diverticula, and 
persistent chordee. A careful preoperative evalua- 
tion, precise surgical technique, and appropriate 
postoperative care are required in order to achieve 
the desired objectives of hypospadias surgery. 

To attain these goals, the surgeon must be 
familiar with and proficient in many of the tech- 
niques for the correction of proximal hypospa- 
dias. Additionally, the surgeon must recognize the 
unique anatomy of each patient and apply the most 
appropriate technique. 


Preoperative evaluation 


A complete history and physical examination 
are performed on all patients. Anesthetic and sur- 
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gical risks are assessed. The physical examination 
determines the severity of the proximal hypospa- 
dias and is also aimed at identifying any asso- 
ciated anomalies. These include meatal stenosis, 
penile torsion, urethrocutaneous fistula, chordee, 
and penoscrotal transposition. The entire course 
of the urethra should be inspected. If a bulge is 
felt, or if urethral compression produces drib- 
bling, a diverticulum is suspected. 
Approximately one-fourth of patients with 
hypospadias and undescended testes have an inter- 
sex anomaly [3,4]. Gonadal palpability has been 
found to be an important predictor of an intersex 
state in unilateral and bilateral cases of crypto- 
chidism with hypospadias. Patients with a nonpal- 
able testis are significantly more likely (three-fold) 
to have an intersex condition than those patients 
with a palpable testis. In addition, the severity of 
hypospadias has a strong positive correlation with 
an intersex condition [4]. Therefore, these patients 
should be evaluated for intersex state. A workup 
should include a determination of karyotype and 
serum analysis for follicle stimulating hormone 
(FSH), luteinizing hormone (LH), testosterone, urin- 
ary 17-ketosteroids, and 17-hydroxycorticosteroids. 
Ifa phallus is small, its size may be enlarged pre- 
operatively by the use of testosterone or dihydro- 
testosterone cream or parenteral testosterone. The 
prostatic utricle may be enlarged in patients with 
severe hypospadias. A voiding cystourethrogram 
is performed in these patients to delineate the ana- 
tomy of the utricle so as to identify possible problems 
in the future in regard to urinary stasis, infection, 
stone formation, and difficulty with catheterization. 


Treatment of proximal hypospadias 


No single technique of hypospadias repair 
is suitable for all cases. Therefore, the surgical 
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armamentarium must include a variety of opera- 
tions to suit the severity of the problem. Several 
general principles are important in whatever tech- 
nique is used. Skin incisions are made using a fine 
knife blade such as the Weck microsurgical 
knife (Edward Weck, and Co., Research Triangle 
Park, NC). Gentle handling of tissues is manda- 
tory using tiny skin hooks and fine traction 
sutures. The tissue should be kept moist at all 
times. Cautery for hemostasis should be precise, 
brief, and applied with the pinpoint technique. 
Perioperative bleeding can be minimized dur- 
ing dissection by the intermittent use of an elastic 
tourniquet for periods of up to 30 minutes. After 
release, cauterization assures hemostasis. The 
glandular and subcutaneous injection of epineph- 
rine (1:200,000) has also been useful in maintaining 
hemostasis without causing tissue ischemia. The 
anesthesiologist should be informed when epi- 
nephrine is used because halothane, a common 
inhalational anesthetic, sensitizes the heart to cate- 
cholomines, and ventricular arrhythmia may result. 
Failure to create a straight phallus is one of the 
avoidable complications of hypospadias surgery. 
Penile straightening and removal of full chordee 
must be confirmed before beginning the urethral 
repair by the use of the artificial erection test [5]. 


After securely placing an elastic at the base of 


the penis or using perineal compression, injection 
of normal saline with a 25-gauge butterfly needle 
placed in one corporal body will fill the entire 
organ. This will identify any restraining fibrous 
bands that remain. Multiple tests may be neces- 
sary to ensure complete excision. If the penis 
remains bent despite resection of all chordee, an 
alternative approach may be needed, such as 
insertion of a dermal or tunica vaginalis graft into 
the shaft, or dorsal plication. 

Construction of the neourethra is performed 
by using a flap of penile skin or a full thickness 
tube graft from genital or extragenital skin, buccal 
or bladder mucosa. The use of hair bearing skin is 
contraindicated since it may result in a hairy 
neourethra. The anastomosis should be proximal 
enough to be in good tissue and not on the thin 
transparent tissue often seen in the distal urethra 
due to the lack of corpus spongiosum. The repair 
is performed with fine absorbable sutures. Urine- 
tight anastomoses is attempted and inverted to- 


ward the lumen whenever possible. Eversion of 


suture lines increases peri-urethral reaction, which 
contributes both to urine leakage and potential 
fistula or diverticulum formation [6]. The suture 
lines of tubularized neourethras are placed poster- 


iorly against the shaft of the penis to bury as much 
of the anastomosis as possible and maximize cov- 
erage. Overlying suture lines should be avoided to 
minimize the possibility of fistula formation. 
Suture line tension is reduced before closing each 
layer by the generous mobilization and undermin- 
ing of adjacent tissues. 

The new urethra must be wide enough in order 
to avoid strictures. It must have a well-vascularized 
pedicle and/or be covered by well-vascularized 
layers of subcutaneous tissue and skin for the graft 
to heal [7-9]. These techniques provide an addi- 
tional coverage of the neourethra and achieve the 
goal of nonoverlapping suture lines and may offer 
increased vascularity, while leaving the dorsal skin 
intact for additional coverage. 

The skin closure is meticulously performed 
without strangulation to allow for the expected 
postoperative swelling. Fine chromic sutures are 
used. Oftentimes, horizontal mattress stitches are 
helpful to evert the skin edges, which minimize 
formation of fistulas. In many repairs, enough 
ventral shaft skin remains to allow complete re- 
alignment of the median raphe to the corona. If a 
relative paucity of ventral skin remains (com- 
monly occurring after flap techniques), the pre- 
puce is split dorsally and transferred ventrally, 
as in the Byars procedure. We usually select a 
transparent biomembrane (Tegaderm, 3M Health 
Care, St Paul, MN) as a surgical dressing. This is 
applied to the penile shaft and the glans in a 
circumferential fashion without tension. If ex- 
cessive bleeding is present during the procedure, 
a circumferential gauze dressing is applied over 
the Tegaderm for compression. The circumferen- 
tial gauze is removed 12-24 h after surgery, leav- 
ing the Tegaderm dressing in place. 


Transverse island pedicle flap procedure 


If the urethral meatus initially is located on the 
proximal two thirds of the penile shaft or if severe 
chordee is obvious, one can assume that after 
release of chordee a significant gap will be present 
between the urethral meatus and the tip of the 
glans. Transverse island pedicle flap graft can be 
used to correct this abnormality [10,11]. 

A stay suture of 5-0 polypropelene is placed 
through the dorsal aspect of the glans, and a cir- 
cumferential incision is marked just proximal to 
the corona and extended vertically around the 
meatus of the urethra (Fig. 1A). The chordee is 
sharply excised and the urethra mobilized proxi- 
mally (Fig. 1B). When the penis is straight, as 
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Fig. 1. Transverse island pedicle flap procedure. (A) A stay suture is placed through the dorsal aspect of the glans, and a 
circumferential incision is marked. (B) The chordee is excised and the urethra is mobilized. (C) The distance from the 
new position of the urethral meatus is measured and outlined. (D) The rectangle of skin is incised. This vascularized 
pedicle is mobilized from the remaining dorsal shaft skin sufficiently to enable the neourethra to be rotated to the ventral 
aspect of the penis. (E) The skin tube is formed. (F) The tunnel is created. (G) The newly created urethra is rotated 
ventrally and is anastomosed to the spatulated proximal urethra. The suture line of the neourethra lies posteriorly 
against the shaft of the penis. (H) The graft is covered with a layer of subcutaneous tissue mobilized from the dorsal and 
ventral skin. (1) Final closure. 
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Fig. 1 (continued) 


tested with the artificial erection technique, the 
distance from the new position of the urethral 
meatus to the tip of the glans is measured and 
outlined on the mucosal aspect of the foreskin 
(Fig. 1C). One can usually obtain a length of as 
much as 3-4 cm. The width of the neourethra is 
usually 15 mm. This rectangle of skin is outlined 
with a knife, incising the skin and subcutaneous 
tissue but taking care not to interrupt the sub- 
cutaneous soft tissue blood supply associated with 
the skin. The vascularized pedicle of subcutane- 
ous tissue is mobilized from the remaining dorsal 


shaft skin, taking care not to skeletonize the 
remaining skin, and mobilizing only enough to 
permit the neourethra to be rotated to the ventral 
aspect of the penis (Fig. 1D). The skin tube is cre- 
ated with a running locked subcuticular suture of 
6-0 Vicryl sewn over a No. 7 French Silastic 
catheter or stent (Fig. 1E) with a second layer 
of the same suture material sewn in a running 
Lambert fashion. The catheter is long enough to 
drain the bladder and to extrude from the penile 
meatus. The stent is just long enough to go 
through the proximal suture line. 
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Fig. 1 (continued) 


Before the anastomosis is performed, the glans 
is prepared for the graft by dividing it in the mid- 
line with a deep incision ventrally and bringing 
glans flaps around the neourethra. Alternatively, 
a tunnel can be made in the glans by passing scis- 
sors deeply through the midpoint of the glans and 
excising some of the glanular tissue along with a 
small amount of glanular mucosa (Fig. 1F). The 
tunnel should be of sufficient caliber to permit 
passage of a No. 14 French sound. 

The newly created tube is rotated ventrally, 
and an end-to-end anastomosis is performed 
between the neourethra and the spatulated proxi- 
mal urethra. The anastomosis is constructed with 
either running locked or interrupted stitches of 6-0 
Vicryl proceeding from dorsal to ventral on each 
side. The suture line of the neourethra lies poster- 
iorly against the shaft of the penis (Fig. 1G). The 
urethra should not be redundant to prevent angu- 
lation and obstruction. If glanular flaps are used, 
the substance of the glans is reapproximated 
loosely over the neourethra with interrupted sub- 
cutaneous sutures of 6-0 Vicryl and the mucosa 
with interrupted sutures. If the glans tunnel is 
employed, the neourethra is sewn to the glans with 
interrupted sutures of 6-0 Vicryl. The catheter or 
stent is sewn to the glans with two 5-0 polyprope- 
lene stitches. 

In any of these techniques employing a pedicle 
or free graft of any sort, it is imperative to cover 
the graft and the anastomosis with a layer of sub- 


cutaneous tissue. This can be mobilized from the 
dorsal and ventral skin and sewn over the suture 
line with interrupted sutures of 6-0 Vicryl (Fig. 
1H). The dorsal skin is divided in the midline, 
and Byars flaps are rotated ventrally for closure 
(Fig. 1D. In a similar fashion a tunica vaginalis 
flap can also be employed to obtain an additional 
vascularized layer over free graft and vascularized 
flaps whenever possible [9]. These techniques pro- 
vide an additional coverage of the neourethra and 
achieve the goal of nonoverlapping suture lines 
and may offer increased vascularity, while leaving 
the dorsal skin intact for additional coverage. 


Onlay Island Flap urethroplasty 


Onlay Island Flap urethroplasty is primarily 
employed when the ventral skin is too thin or the 
meatus is too proximal, and there is no chordee. 
A 6-8 mm strip of urethral plate is preserved as 
the dorsal urethral wall (Fig. 2A). The tissue for the 
ventral urethral wall is obtained from the muco- 
sal aspect of the inner prepuce, similar to the pre- 
vious procedure (Fig. 2A). An 8-10 mm rectangle 
of skin is outlined. The vascularized pedicle of sub- 
cutaneous tissue is mobilized from the remain- 
ing dorsal shaft skin (Fig. 2B). The flap is rotated 
to the ventral aspect of the penis and anastomosed 
to the dorsal urethral plate with a running stitch of 
6-0 vicryl (Fig. 2C-E). Lateral glanular flaps are 
reapproximated in the midline over the neourethra 
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Fig. 2. Onlay Repair. (A) A 6-8 mm strip of urethral plate is preserved as the dorsal urethral wall. The tissue for the ventral 
urethral wall is obtained from the mucosal aspect of the inner prepuce. (B) An 8-10 mm rectangle of skin is outlined. The 
vascularized pedicle of the subcutaneous tissue is mobilized from the remaining dorsal shaft skin. (C-E) The flap is rotated 
to the ventral aspect of the penis and anastomosed to the dorsal urethral plate with a running stitch of 6 or 7.0 vicryl. (F-G) 
Lateral glanular flaps are reapproximated in the midline over the neourethra. (H) A ventral skin closure is performed. 
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Fig. 2 (continued) 


as described previously (Fig. 2F-G). A ventral 
skin closure is performed. (Fig. 2H) The bladder 
is drained with a No. 7 French silastic stent for 
7-10 days. Onlay urethroplasty can also be per- 
formed with “off the shelf” acellular materials, 
such as allogenic bladder submucosa. Such tech- 
niques eliminate the need for skin harvest and 
donor site morbidity, and reduce operative time. 


Up to 20 cm defects have been corrected using 
donor acellular bladder submucosa [12]. 


Free skin graft (Horton-Devine) 
hypospadias repair 


The indications for free skin graft repair are 
similar to those for a vascularized island pedicle 
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flap repair [13]. If the urethral meatus is in the 
scrotal region (Fig. 3A), a portion of the scrotum 
can be tubularized to anastomose to the free pre- 
putial graft. After the chordee is excised, the dis- 


tance between the urethral meatus and the tip of 


the penis is measured. We have a strong prefer- 


ence for preputial skin. We have also used skin 
from the hairless medial aspect of the upper 
arm, or mucosal tissue from the bladder, buccal, 
or rectal areas, which are described later. The 
hooded foreskin is unrolled, and the graft is made 
approximately 15 mm wide (Fig. 3B). The graft is 
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Fig. 3. Free skin graft (Horton-Devine) hypospadias repair. (A) Outline of the skin incision. (B) The hooded foreskin is 
unrolled, and the graft is made. (C) The graft is defatted, and the tube is created. (D) End-to-end anastomosis is 
performed between the neourethra and the previous spatulated urethral meatus. (E) Closure of the glans is performed 
with glanular flaps. (F) Byars flaps are used to provide ventral skin coverage. 
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then defatted (Fig. 3C), and the tube is rolled with 
a running locked subcuticular stitch of 6-0 Vicryl 
over a No. 7 French silastic tube. An end-to-end 
anastomosis is performed between the neourethra 
and the previous spatulated urethral meatus with 
two running locked or interrupted sutures of 6-0 
Vicryl. The graft must be rotated so that the long- 
itudinal suture line is facing the penile shaft 
(Fig. 3D). The glans can be handled either with 


glanular flaps (Fig. 3E) or as a glanular tunnel 
as described previously. Again, it is important to 
emphasize that the glans should fit loosely over 
the neourethra. The urethral graft is sewn to the 
mucosa of the glans with interrupted sutures of 
6-0 Vicryl (Fig. 3E). A subcutaneous layer mobi- 
lized from the dorsal and ventral skin is approxi- 
mated over the graft. This is the layer that reduces 
the incidence of fistula formation. The stent is cut 
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off close to the tip of the penis and sutured to the 
glans as described in the previous procedure. 
Byars flaps are used to provide ventral skin cover- 
age (Fig. 3F). The stent is removed on day 7 to 
day 10 postoperative when the dressing is taken 
down and voiding is resumed. Powell et al studied 
the results of vascularized flaps and free grafts and 
noted no significant difference in the complication 
rates of flaps and grafts used to repair proximal 
hypospadias. Of note, a significant number of 
complications occurred beyond 1 year postoper- 
tively and as late as 4 years. This suggests that 
long-term follow-up may be necessary to ade- 
quately assess the outcomes of proximal hypospa- 
dias repairs [14]. 


Mucosal tube graft urethroplasty 


Mucosal tube graft urethroplasty is primarily 
employed in reoperative surgery for hypospadias 
when a long defect is present with an inadequate 
donor skin site. This technique has also been used 
for some babies with scrotal or perineal hypospa- 
dias as a single-stage repair. 

Similar to the previous procedures, incisions 
are outlined (Fig. 4A), and the penis is straight- 
ened by excising chordee. The distance between 
the new position of the urethral meatus and the 


tip of the penis is measured so that an appropri- 
ately sized rectangle of mucosa is taken either 
from the mouth or bladder [15-18]. 

If buccal mucosa is desired, a rectangular 
mucosal flap can be obtained from the inner sur- 
face of the upper and/or lower lip. Alternatively, 
the mucosal graft can be obtained from the inner 
aspect of the cheek, ventral to the parotid duct 
(Fig. 4B). With either approach, a submucosal 
injection of a small amount of solution of 
1:200,000 epinephrine will facilitate harvesting 
and aid hemostasis. A wider and longer segment 
of mucosa than actually necessary is harvested, 
to allow for its natural tendency toward elastic 
retraction. The mucosal margins of the lip or 
cheek are reapproximated with 6-0 chromic gut 
suture. Postoperative discomfort from the harvest 
bed region is remarkably minimal due to the rapid 
regenerative potential of the buccal mucosa. 

If bladder mucosa is desired, the bladder is dis- 
tended with saline solution and the skin opened 
with a transverse lower abdominal incision. A lin- 
ear incision is made in the bladder, extending to 
the mucosa. The bladder musculature is dissected 
off the mucosa. An appropriate rectangle of 
mucosa is measured, making it somewhat wider 
(20 mm) and longer than is actually measured 
(Figs. 4C and 4D). The bladder is closed and 
drained with a No. 14 Malecot catheter. 


Fig. 4. Mucosal tube graft urethroplasty. (A-D) Severe hypospadias with chordee and proposed skin incisions. A 
rectangle or buccal mucosa (B), bladder mucosa (C), or “off the shelf” acellular bladder submucosa (D) is harvested. (E) 
The graft is tubularized. (F) The graft is anastomosed to the proximal urethra and to the glans. (G) The final closure. 
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The graft is tubularized with a running locked 
stitch of 6-0 Vicryl (Fig. 4E) and is anastomosed 
to the proximal urethra and to the glans as out- 
lined previously (Fig. 4F). A No. 7-10 French silas- 
tic stent is employed, and skin coverage is similar 
to that outlined in the previous repairs (Fig. 4G). 
The stent is removed on day 7 or 8 when the dress- 
ing is removed. Suprapubic drainage is discon- 
tinued after the patient is voiding satisfactorily. 


Two-stage hypospadias repair 


Even with all of the emphasis on single-stage 
hypospadias repairs, at times a planned two-stage 
repair is necessary. The two-stage repair is used 
primarily when the hypospadias is severe with a 
small phallus and chordee [19-23]. 

In the first stage, a circumferential incision is 
made proximal to the coronal sulcus, the chordee 
is excised, and the penile shaft is degloved as out- 
lined previously (Fig. 5A and B). When it is ascer- 
tained that the penis is straight using the artificial 
erection device, the glans is then prepared. The 
glans is either divided deeply in the midline to 
the tip or, if the mucosal groove is deep, this is 


preserved, and incisions are made just lateral to 
the groove on each side (Fig. 5C). The dorsal fore- 
skin is unfolded carefully and divided in the mid- 
line (Fig. 5D). The most distal portion of the 
foreskin is rotated into the glanular cleft and 
sutured to the mucosa of the glans with inter- 
rupted sutures of 60-0 chromic catgut. A midline 
closure is performed, and the midline sutures 
catch a small portion of Buck’s fascia. This elimi- 
nates dead space and helps to create a groove in 
preparation for the second stage (Fig. 5E). The 
bladder is drained with a No. 8 French Silastic 
Foley catheter for approximately 5-7 days. 

The second stage of the procedure is carried out 
6-12 months later when complete healing has 
occurred. A 15-mm diameter strip is measured, 
extending to the tip of the glans (Fig. 5F). The strip 
is tubularized with a running subcuticular stitch of 
6-0 or 7-0 Vicryl all the way to the tip of the glans 
(Fig. 5G). The lateral skin edges are mobilized, 
and the remaining tissue is closed over the repair 
in at least two layers. The subcutaneous and sub- 
cuticular tissues are closed with running pull- 
out stitches of 4-0 nylon tied to themselves 
(Fig. 5H). Alternatively, the subcutaneous and 


Fig. 5. Two-stage hypospadias repair. (A) Outline of the skin incisions. (B) The chordee is excised, and the penile shaft is 
degloved. (C) The glans is divided. (D) The dorsal foreskin is unfolded and divided. (E) The most distal portion of the 
foreskin is rotated into the glanular cleft with a suture closure. (F) A 15-mm diameter strip is measured, extending to 
the tip of the glans. (G) The strip is tubularized. (H) The final closure. 
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Fig. 5 (continued) 


subcuticular tissues can be closed with 5-0 or 6-0 
chromic or Monocryl sutures. Penoscrotal trans- 
position, if present, is usually repaired during this 
stage. If the nylon suture is used, then one end of 
each nylon stitch is cut before the patient is dis- 


charged from the hospital, and the remaining 
suture material gradually works out within a few 
days. Urinary diversion is usually maintained 
with either a urethral or suprapubic catheter for 
7-10 days. 
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Other repairs 
Snodgrass repair 


There has been a continued expansion of the 
tubularized incised plate urethroplasty technique 
for the repair of all types of hypospadias [24]. His- 
torically, this technique was indicated in distal 
hypospadias, but it is being used increasingly for 
proximal hypospadias with good results. This tech- 
nique is described in detail elsewhere in this issue. 


Double Onlay preputial grafts 


There has been some renewed interest in the 
use of a double Onlay preputial flaps as a one- 
stage repair for proximal hypospadias. Propo- 
nents state that this method reduces the bulky 
asymmetry that occurs with rotational vascular- 
ized flaps. The penile shaft skin is degloved in 
the usual fashion. The dorsally hooded prepuce 
is left intact with the inner prepuce folded against 
the outer prepuce. A dorsally based buttonhole 
opening is made at the base of the degloved penile 
skin through which the phallus is placed. The 
maneuver now places the degloved skin on the 
dorsal aspect of the penis. The outer flap surface 
is then aligned longitudinally with the urethral 
plate and sutured with a running fine Vicryl 
suture. A longitudinal incision is made at the junc- 
tion of the inner and outer prepuce. The second 
edge of the outer prepuce that will form the com- 
pleted neourethra is sewn to the other side of the 
urethral plate. This neourethra is created over a 
7 French Silastic or silicone catheter. The inner 
prepuce which now becomes ventral skin coverage 
is used with the remaining penile skin for comple- 
tion of the skin coverage. A more detailed and 
diagrammatic description can be found in the 
literature [25]. Recent experience on 47 patients 
with proximal hypospadias demonstrated good 
cosmetic and functional results. Complications 
such as diverticula, meatal recession, and persis- 
tent penile curvature were no greater than other 
series involving other techniques [25]. 


Paramedial flaps 


In 1983 Koyanagi et al. described an innovative 
technique for the one-stage repair of severe hypos- 
padias using parameatal flaps from the level of the 
hypospadiac meatus extending distally to include 
the inner prepuce on the dorsal aspect of the penis 
[25a]. Briefly, a circumferential incision is made 
around the corona approximately 6-8 mm from 
the glans. A U-shaped incision is made from the 


level of the hypospadiac meatus distally and 
extending onto the dorsal foreskin. The prior 
subcoronal incision and the U-shaped incision 
should be separated by 8-10 mm. The area be- 
tween the two incisions resembles a bucket handle. 
The handle or most dorsal aspect is incised at the 
12 o'clock position. The two bucket handles are 
mobilized to the level of the proximal urethra 
and the outer penile shaft skin is then degloved. 
The medial edges of the bucket handles are sewn 
together in the midline with a running fine Vicryl 
suture to form the distal neourethra. The distal 
aspect is trimmed to length as necessary. The 
tubularization of the neourethra is completed by 
sewing the lateral edges together in the ventral 
midline with a running fine Vicryl suture. The 
glans is split in the midline and glans wings 
formed. The neourethra is placed in the trough. 
The glans is closed in two layers with fine Vicryl 
suture. The meatus is matured with a fine absorb- 
able suture. A 7 French Silastic or silicone tube is 
placed and secured to the glans. The tube is left in 
place for 7-10 days. Skin coverage is then com- 
pleted. Recent experience with this technique by 
several authors has been favorable [26,27]. 


Postoperative care 


The postoperative management of proximal 
hypospadias surgery, like other surgeries, has 
been altered markedly in recent years as attempts 
to reduce hospital stays in the interest of cost- 
effectiveness are weighed against the minimization 
of complications. As one innovative example, a 
pantaloon spica cast for postoperative immobili- 
zation was used in the postoperative care of 
patients undergoing a free graft hypospadias. 
The patients were discharged postoperatively [28]. 

Attention to detail in postoperative care 
should rival that of the operation itself. Premature 
voiding may not be desirable and may lead to the 
formation of a fistula. Our choice for urinary 
diversion varies with the technique utilized. In 
more extensive repairs in which long-term diver- 
sion is necessary, a round 6 or 7 French soft sili- 
cone drain can be positioned in the bladder and 
the urine can drain freely into protective diapers. 
The tube is well tolerated and the child no longer 
requires restraints and complete bed rest. Eight to 
ten days of urinary diversion is maintained for the 
more extensive urethroplasties. Alternatively, a 
silicone Foley catheter can be used; however, we 
have found a great incidence of bladder spasms 
with their use. 
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The types of postoperative dressing vary con- 
siderably, primarily due to surgeons’ preference. 
As the success and complication rates are similar, 
it can be assumed that the postoperative dressing 
has little impact on the outcome of surgery. The 
two authors differ in their preferred postoperative 
dressing, with one (AA) preferring a bio-occlusive 
dressing such as Tegaderm, whereas the other 
author (BC) prefers the silicone foam dressing. 


Psychosocial aspects 
of proximal hypospadias repair 


Several investigators have studied adult satis- 
faction with the results of hypospadias surgery 
done in childhood. In one study, 64 patients with 
hypospadias performed between 1963 and 1975 
were again contacted in 1996. Seventy percent of 
the patients replied to the questionnaire. Nearly 
63 percent expressed satisfaction with the surgical 
result. Of those satisfied, 22 percent had complica- 
tions. Of the 37 percent dissatisfied, 57 percent had 
complications. They also found that good short- 
term results predict good long-term results [29]. 

Another investigator reported on the sexual 
and urological function in adults who had under- 
gone a staged hypospadias repair for severe (peno- 
scrotal) hypospadias in childhood. Of the 19 
patients who were successfully traced and com- 
pleted the questionnaire, 4 were married or living 
with a partner and 12 had intercourse. Satisfac- 
tory erection and orgasm were reported by 15 
men, yet only 7 men had satisfactory ejaculation. 
Nine patients had continued difficulties with void- 
ing and urologic function. Four reported that 
their hypospadias condition markedly impaired 
their quality of life and sense of well being. The 
investigators concluded that severe hypospadias 
repair may be associated with difficulty in ejacula- 
tion and voiding but is not associated with psy- 
chological or psychiatric disturbances [30]. 
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Hypospadias is one of the most frequently 
encountered congenital malformations of the gen- 
itourinary system. The incidence in studies of large 
populations has been reported to be from 1 to 8 
per 1000 male births [1]. For centuries the imagi- 
nation and creativity of surgeons has been chal- 
lenged to create a phallus that is both functional 
and cosmetic. Over the last 30 years numerous 
new operations and techniques have been devel- 
oped with the objective of achieving improved cos- 
metic results with minimal complications [2]. 

The current goals of hypospadias surgery are 
(1) creating a straight penis, (2) positioning of 
the meatus on the penile tip, (3) normalization 
of erections and voiding, (4) creating a urethra 
of adequate and uniform caliber, and (5) symme- 
try in appearance of the glans and shaft. 

Even in the hands of the most experienced sur- 
geons hypospadias repair is associated with a 
number of complications including urethrocuta- 
neous fistula, stricture, diverticula, and persistent 
chordee. A careful preoperative evaluation, pre- 
cise surgical technique, and appropriate post- 
operative care are required to achieve the desired 
objectives of hypospadias surgery. 


Preoperative evaluation 


A complete history and physical examination 
are performed on all patients. Anesthetic and sur- 
gical risks are assessed and the methods and com- 
plications encountered during previous genital 
surgical repair are determined. The physical exami- 
nation determines the severity of the hypospadias 
and allows the physician to identify any associated 
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anomalies such as meatal stenosis, penile torsion, 
urethrocutaneous fistula, chordee, and peno-scro- 
tal transposition. The entire course of the urethra 
should be inspected. If a bulge is felt or if urethral 
compression produces dribbling, a diverticulum 
should be suspected. 

Approximately one quarter of patients who 
have hypospadias and undescended testes have 
an intersex anomaly [3]. These patients should 
therefore be evaluated for intersex. A workup 
should include a determination of karyotype and 
serum analysis for FSH, LH, testosterone, urinary 
17-ketosteroids, and 17-hydroxycorticosteroids. 
If a phallus is small, its size may be enlarged pre- 
operatively using testosterone or dihydrotestoster- 
one cream or parenteral testosterone. 

The prostatic utricle may be enlarged in 
patients who have severe hypospadias. A voiding 
cysto-urethrogram should be performed on these 
patients to delineate the anatomy of the utricle 
and to identify possible problems in the future in 
regard to urinary stasis, infection, stone forma- 
tion, and difficulty with catheterization. 


General techniques 


No single hypospadias repair technique is sui- 
table for all cases; therefore, the surgical arma- 
mentarium must include a variety of operations 
to suit the severity of the problem. Several general 
principles are important regardless of the tech- 
nique that is used. Skin incisions should be made 
using a fine knife blade such as the Weck micro- 
surgical knife (Edward Weck and Company: 
Research Triangle Park, NC). Gentle handling 
of tissues using tiny skin hooks and fine traction 
sutures is mandatory. Tissues should be kept 
moist at all times. Cautery for hemostasis should 
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be precise, brief, and applied with the pinpoint 
technique. 

Perioperative bleeding can be minimized dur- 
ing dissection by the intermittent use of an elastic 
tourniquet for periods of up to 30 minutes. Cauteri- 
zation assures hemostasis after release. The glanu- 
lar and subcutaneous injection of epinephrine 
(1:200,000) has also been useful in maintaining 
hemostasis without causing tissue ischemia. The 
anesthesiologist should be informed when epi- 
nephrine is used because halothane, a common 
inhalational anesthetic, sensitizes the heart to cate- 
cholomines, and ventricular arrhythmia may result. 

Failure to create a straight phallus is one of the 
avoidable complications of hypospadias surgery. 
Penile straightening and removal of full chordee 
must be confirmed before beginning the urethral 
repair using the artificial erection test [4]. After 


securely placing an elastic band at the base of 


the penis or using perineal compression, injection 
of normal saline with a 25-gauge butterfly needle 
placed in one corporal body will fill the entire 
organ. This will identify any restraining fibrous 
bands that remain. Multiple tests may be neces- 
sary to ensure complete excision. If the penis 
remains bent despite resection of all chordee, an 
alternative approach may be needed, such as 
insertion of a dermal or tunica vaginalis graft into 
the shaft, or dorsal plication. 

Construction of the neourethra is performed 
by using a flap of penile skin or a full-thickness 
tube graft from genital or extragenital skin, blad- 
der mucosa, or buccal mucosa. The use of hair- 
bearing skin is contraindicated because it may 
result in a hairy neourethra. The anastomosis 
should be proximal enough to be in good tissue 
and not on the thin, transparent tissue often seen 
in the distal urethra due to the lack of corpus 
spongiosum. The repair is performed with fine, 
absorbable sutures. Urine-tight anastomoses are 
made and inverted toward the lumen whenever 
possible. Eversion of suture lines increases periur- 
ethral reaction, which contributes both to urine 
leakage and potential fistula or diverticulum for- 
mation [5]. The suture lines of tubularized neour- 


ethras are placed posteriorly against the shaft of 


the penis to bury as much of the anastomosis as 
possible and maximize coverage. Overlying suture 
lines should be avoided to minimize the possibility 
of fistula formation. Suture line tension is reduced 
before closing each layer by the generous mobili- 
zation and undermining of adjacent tissues. 

The new urethra must be wide enough to avoid 
strictures. It must have a well-vascularized pedicle 


or be covered by well-vascularized layers of sub- 
cutaneous tissue and skin for the graft to heal. 
The authors have utilized a dorsal Dartos sub- 
cutaneous flap to wrap the neourethra follow- 
ing hypospadias repair whenever possible (Fig. 1) 
[6,7]. The Dartos subcutaneous layer is sharply 
dissected to the base of the penis and a flap is then 
incised in the midline and brought in Byar’s fash- 
ion ventrally and sutured over the neourethra. 
Care is taken not to compromise the shaft skin 
during the proximal dissection. The dorsal skin 
is then utilized for additional skin coverage as 
necessary. In a similar fashion the tunica vaginalis 
flap can also be employed to obtain an additional 
vascularized layer over free graft and vascularized 
flaps whenever possible (Fig. 2). These techniques 
provide additional coverage of the neourethra, 
achieve the goal of non-overlapping suture lines, 
and may offer increased vascularity while leaving 
the dorsal skin intact for additional coverage. 

The skin closure is meticulously performed 
without strangulation to allow for the expected 
post-operative swelling. Fine chromic sutures are 
used. Horizontal mattress stitches are often help- 
ful to evert the skin edges, which minimizes for- 
mation of fistulas. In many repairs enough 
ventral shaft skin remains to allow complete rea- 
lignment of the median raphe to the corona. If a 
relative paucity of ventral skin remains (a com- 
mon occurrence after flap techniques), the prepuce 
is split dorsally and transferred ventrally, as in 
Byar’s procedure. The authors usually select a 
transparent biomembrane (Tegaderm) as a surgi- 
cal dressing. The biomembrane is applied to the 
penile shaft and the glans in a circumferential 
fashion without tension. If excessive bleeding 
occurs during the procedure a circumferential 
gauze dressing is applied over the Tegaderm for 
compression. The circumferential gauze is 
removed 12 to 24 hours after surgery, leaving 
the Tegaderm dressing in place. 


Post-operative care 


The post-operative management of hypospa- 
dias surgery, like other surgeries, has been altered 
markedly in recent years as attempts to reduce 
hospital stays in the interest of cost effectiveness 
are weighed against the minimization of complica- 
tions. Most patients undergo outpatient surgery. 
Occasionally, if surgery is extensive or performed 
late in the afternoon, patients stay overnight. 

Attention to detail in post-operative care 
should rival that of the operation itself. Premature 
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voiding may not be desirable and may lead to the 
formation of a fistula. The authors” choice for 
urinary diversion varies with the technique used. 
No drainage is required for glanuloplasty repair 
and for children who undergo meatal advance- 
ment. Most non-toilet-trained children who under- 
go a meatal-based flap urethroplasty do not require 
diversion. Toilet-trained children who undergo a 
meatal-based urethroplasty usually require urin- 
ary diversion; this is performed with a 7 French 


A 


soft Jackson-Pratt urethral “splent.” This splent 
acts as an effective conduit for the urine during 
voiding and decreases the accumulation of secre- 
tions given off by the traumatized urethra, which 
may be predisposed to infection [8]. An additional 
advantage of this form of diversion is the elimina- 
tion of external collection devices and lessening of 
the bladder spasms that are often seen with Foley 
catheters. The tube is well tolerated and the child 
no longer requires restraints and complete bed 


Fig. 1. (A) Following urethroplasty the dorsal prepuce is unfolded and the underlying dartos layer is sharply dissected to 
the base of the penis. (B) The dartos layer is incised in the midline in Byar’s fashion. (C) The flap is brought ventrally and 
sutured over the neourethra. (D) The lateral glans flaps are approximated over the neourethra. (E) Skin is resurfaced 
with a midline ventral closure, if possible. 
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Fig. 1 (continued) 


rest. In more extensive repairs in which long-term 
diversion is necessary, a round 6 French soft sili- 
cone drain can be positioned in the bladder and 
the urine can drain freely into protective diapers. 
Eight to ten days of urinary diversion is main- 
tained for the more extensive urethroplasties. 


Complications 


The incidence of late complications of hypo- 


spadias is directly related to the complexity of 


the repair and is generally <2% with meatal 
advancement and glanuloplasty, 5% to 10% with 
meatal-based flaps, and up to 6% to 30% with 
more extensive reconstruction. The surgeon's ex- 
perience with this repair has an equally important 
role; nowhere does a learning curve come into play 
in urology as significantly as it does with hypo- 
spadias surgery. The basis of many complications 
is a deviation from the principles discussed above. 
Management usually entails a re-assessment and 
re-application of those same principles. 


Fistulas 


Fistulas are common after hypospadias repair. 
They can be small or large, single or multiple. 
Although their exact etiology cannot be defined, 
two avoidable factors usually underscore the 
problem: infection and tissue ischemia. Patients 
empirically receive broad-spectrum antibiotics 
perioperatively and for 10 days post-operatively. 


Tissue ischemia can be minimized by excision of 


any devitalized tissue and maintenance of ade- 
quately based flaps at the initial time of surgery. 


Free grafts are thinned and defatted to allow for 
maximal vascularization of the neourethra. 

A fistula should be suspected when an area of 
inflammation or wound breakdown is noticed 
along the ventral penile shaft prior to the voiding 
trial. Fistulas are often observed shortly after the 
initiation of spontaneous voiding. Patients who 
still have a urinary diversion catheter present 
when a fistula is first noticed may have their urin- 
ary drainage period extended for several days in 
an attempt to encourage closure of the fistula, 
although the chance of a fistula closing sponta- 
neously is small. If urinary diversion is not present 
the authors do not recommend placement of a 
catheter to bypass the fistula. Additional damage 
to the neourethra can be caused by placing a 
catheter in a non-anesthetized patient. If the fis- 
tula is small and there is no evidence of meatal ste- 
nosis or inflammation, it may close spontaneously 
in a few instances. 

Fistulas are sometimes associated with distal 
strictures such as meatal stenosis. The meatus 
should be examined for early stenosis, edema, or 
plugging with secretions. Liberal use of antibiotic 
ointment post-operatively helps eliminate plug- 
ging with secretions. Meatal crusting should be 
removed, allowing the child to void thus prevent- 
ing high urethral pressures. No attempt at surgical 
repair should be undertaken until all edema and 
induration has subsided and the surrounding tis- 
sues are soft and pliable. This usually occurs ~6 
months post-operatively, although the authors 
sometimes defer surgery for up to 1 year, espe- 
cially in the face of multiple recurrences. The 
method of correction depends upon the location, 
size, and number of fistulas present. 

Silver nitrate cautery of small fistulas is usually 
not successful in the authors’ experience. It is use- 
ful to inject methyline blue mixed with glycerin 
retrograde into the urethra to determine if other 
unrecognized fistulas are present. A small probe 
is passed through the fistula tract to identify 
its course. This procedure may demonstrate the 
presence of subcutaneous tissue tunnels or the 
presence of an obstructing flap. Most common to 
each repair—regardless of fistula size—is the need 
for primary excision of the fistula and a multi- 
layer, urine-tight closure using unopposed suture 
lines. Most small fistulas can be managed with 
simple excision and closure. The fistula’s tract is 
outlined and its exterior rim and the adjacent tis- 
sue are entirely dissected down to fresh tissue 
(Fig. 3). Inversion of the tract is then performed 
by keeping absorbable sutures outside the urethra 
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Fig. 2, Tunica vaginalis graft. (A) The testis is invaginated into the operative field following urethroplasty. In this 
instance, the repair was performed with a transverse island pedicle flap. The illustration shows coverage of the 
neourethra by a portion of the pedicle. (B,C) The tunica vaginalis is incised and widely mobilized on its own vascular 
pedicle. (D) The graft is then sutured over the neourethra with 6-0 vicryl as an additional layer covering the entire repair. 
The testicle is replaced in the scrotum. 
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Fig. 3. (A) The fistula is outlined and its exterior rim is dissected to fresh tissue. (B) Lateral flaps are mobilized and the 
fistula is closed. (C) One flap is de-epithelialized. (D) The de-epithelialized flap is sutured over the fistula repair. (E) The 
second skin flap covers the repair in a vest-over-pants fashion, allowing for a multiple layer closure without overlapping 
suture lines. 
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and turning the edges intraluminally. Additional 
layers of adjacent subcutaneous tissue and skin 
are generously mobilized to help buttress the area. 
The repair can be completed using an adjoining 
full-thickness skin flap or the Durham-Smith 
vest-over-pants technique using de-epithelialized 
flaps [9]. If penile skin is deficient ventrally after 
the fistula closure, dorsal skin may be advanced. 
The authors do not use urinary diversion after 
small fistula closures. 

Multiple fistulas should be converted into one 
large fistula, if possible, prior to closure. Large fis- 
tulae may demand more extensive surgical repair; 
a simple turn-in may result in urethral narrowing 
and stricture at the site of primary closure. A vari- 
ety of techniques have been utilized including 
rotation flaps, a flap of local penile skin, or even 
scrotal skin if necessary. Tension during coverage 
and closure is probably the most common cause 
of failure with these techniques. Subcutaneous 
Dartos tissue and tunica vaginalis flaps may also 
be useful in the difficult fistula closure. 

Urinary diversion with either a fine urethral 
catheter or suprapubic tube may be necessary. 
Such procedures are usually performed on an out- 
patient basis with uniformly good results. 


Urethral strictures 


Urethral strictures usually become evident 
within the first year following hypospadias repair. 
Common presenting symptoms include straining 
to void, decreased force of stream, dysuria, and 
infection. Strictures can be seen at any location 
following surgery, but they occur most commonly 
at the level of the original meatus. A combination 
of factors contributes to the formation of urethral 
strictures, including tension on the repair, tissue 
ischemia, inappropriate design of the neourethra, 
infection, or trauma from unnecessary instrumen- 
tation or the use of large catheters. The stricture 
may be functional, secondary to angulation at 
the proximal anastomoses of the neourethra. 
Creation of an end-to-end anastomosis with a 
neourethra predisposes to circumferential cicatrix, 
which may give rise to a narrow segment. Distally, 
infection, fistulization, or ischemia can lead to a 
neourethral scarring. Other causes of stricture at 
the glans level are inadequate glanular tunneling 
and tight glanular flaps. 

Prevention of stricture formation requires the 
use of a spatulated anastomosis and an adequate 
amount of tissue to give satisfactory initial caliber 
to the neourethra. Repairs are planned to achieve 


a urethral diameter of 15 mm in young children. 
Elimination of unnecessary instrumentation, judi- 
cious use of small instruments and urethral cathe- 
ters, and adequate lubrication are essential during 
and after surgery to minimize additional urethral 
trauma. 

Minor urethral strictures can often be man- 
aged successfully with gentle urethral dilation. If 
dilation fails further evaluation with retrograde 
urethrography or cystoscopy is performed. If the 
stricture has recurred or is severe, visual urethro- 
tomy is performed. If internal urethrotomy failed 
once in a primary stricture, it is unlikely to suc- 
ceed if attempted a second time. Multiple urethro- 
tomies only extend and increase the scarring. For 
recurrent and extensive strictures an open urethro- 
plasty is necessary. Primary excision with reanas- 
tomosis can be used for short strictures (<1 cm) 
if mobilization affords a tension-free anastomosis 
without penile shortening. Formal urethroplasty 
using free grafts, pedicle patches, and tube grafts of 
adjacent skin, bladder mucosa, or buccal mucosa 
can be performed for more extensive strictures 
depending on their location. The Johanssen proce- 
dure remains a useful alternative for extensive and 
recurrent strictures [10]. 


Meatal stenosis 


Meatal stenosis can be a long-term problem. 
All of the procedures that position the meatus at 
the tip of the penis are based on two surgical tech- 
niques: a glanular wrap and urethral tunneling. 
Performing either technique incorrectly may result 
in meatal stenosis. When performing a glanular 
wrap prevention of meatal stenosis can be 
achieved by generously incising ventrally and lat- 
erally along both sides of the site proposed for 
neourethral placement. Adequate development of 
the plane between the tips of the corpora and glans 
tissue is necessary. A number 8 sound is interpo- 
sed between the graft with its indwelling stent and 
the glanular wrap as the glans is re-approximated. 
Unwanted tension, which risks collapse of the 
underlying graft, is assessed by this maneuver. 
Deepening the glanular incision is mandatory if 
the approximation of the glans cannot be done 
without tension. 

The glans tunneling technique is an acceptable 
alternative when the glans is well formed with 
a normal appearing meatal cleft. A tunnel is 
made by passing scissors deeply through the glans 
and excising an ellipse of deeper tissue along 
with epithelium at the meatal cleft. A tunnel 
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must allow the easy passage of an 18 French 
sound. 

When meatal stenosis does occur, the parents 
of the patient are asked to dilate the meatus with 
the tip of an opthalmic ointment tube or a fine 
feeding tube on a daily basis. If the meatus con- 
tinues to be stenotic a formal meatotomy may 
be necessary. The scarred meatus can be incised 
dorsally or ventrally, depending on the position 
of the meatus. The skin is then re-approximated 
to urethral mucosa, horizontally opening the 
urethra in a Y-V fashion. In more severe cases 
an extensive glanular meatoplasty may be 
required. In these situations a ventral transverse 
onlay island flap or a tubularized incised urethro- 
plasty may be used and covered with glans wings, 
or a ventral flap is developed and folded into the 
split glans [11]. 


Urethral diverticulum 


There may be several factors that are responsi- 
ble for the formation of a diverticulum. These 
include distal obstruction, which results in dilata- 
tion of the proximal urethra and urinary extrava- 
sation into the periurethral tissues, forming a 
diverticulum that may communicate with the ure- 
thra. More generalized urethral enlargement 
usually occurs as a result of technical error. Fine 
lines of distinction exist when tailoring the ure- 
thral caliber to avoid stenosis. Small differences 
in caliber or “steps” are typical at the original 
meatus, which may make catheterization difficult 
[12]. In erring on the more generous side the cali- 
bration can lead to redundancy with a sequela. 
With either type of enlargement common presen- 
tations include post-void dribbling due to drain- 
age of pooled urine from the diverticulum and 
stone formation. Urethral calculi can erode and 
eventually cause fistula formation. 

Physical examination may demonstrate bal- 
looning of the urethra (Fig. 4) when voiding or 
urinary dribbling when palpating the urethra. Cal- 
culi may also be palpable during the examination. 
The meatus should be routinely assessed in any 
patient with this complication. A retrograde ure- 
throgram is helpful in delineating the severity 
and extent of the diverticulum. 

Treatment consists first of alleviation of any 
distal obstruction. Meatotomy will occasionally 
allow decompression with improvement of symp- 
toms. If symptoms persist excision with closure 
of the mouth of the diverticulum or urethral 
tapering is necessary. Revision is approached by 


either penile degloving or a lateral, longitudinal 
incision and completed with a multi-layer closure. 
If a stricture is associated with the diverticulum, 
the diverticulum is opened and a flap that is fash- 
ioned from the diverticular tissue is advanced to 
enlarge the strictured area. 


Persistent chordee 


The incidence of persistent chordee after 
hypospadias repair is decreasing due to the in- 
creasing use of the erection test during the initial 
surgical repair. When present, however, the eva- 
luation and management are similar to that of a 
patient who presents initially with chordee. Eva- 
luation of the penis and urethra during the physi- 
cal examination may aid in determining the 
etiology. A retrograde urethrogram may be help- 
ful to ascertain whether or not any other asso- 
ciated anomalies are present. The definitive 
evaluation is performed in the operating room 
under general anesthesia at the time of repair. 
The penile skin is degloved in a circumferential 
fashion. The urethra is mobilized away from the 
corpora cavernosa and any remaining chordee 
or fibrous tissue is excised from the ventral aspect 
of the corpora. Fibrous and scar tissue might be 
present in the dorsum and require excision. If 
after these steps the penis still has an abnormal 
curvature as demonstrated by the artificial erec- 
tion test, a dermal or tunica vaginalis graft may 
be required for correction in smaller organs or a 
dorsal plication in larger ones. Dermal or tunica 
vaginalis grafts are performed by making a ventral 
transverse incision in the tunica albuginea at the 
point of maximal penile curvature. This incision 
may allow the edges of the tunica to spring apart 
and to straighten the corporal bodies. A dermal or 
tunica vaginalis graft is interposed and secured in 
place with a running, interlocking, fine suture. If 
after fully mobilizing the urethra it is bow string- 
ing, it is divided. Dorsal plications or tucks are 
performed by first elevating the vascular bundle 
off the tunica albuginea. Two transverse parallel 
incisions are made in the area of maximal curva- 
ture in each corpora. The incisions are approxi- 
mated vertically with interrupted polydioxanone 
(PDS) sutures. A dorsal tuck is performed by plac- 
ing the sutures in the same location, except that 
the parallel tunica vaginalis incisions are not 
made. If the urethra is divided a pedicle or free 
graft urethral repair is performed. If there is 
inadequate skin for penile coverage then scrotal 
flaps may be required. 
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Fig. 4. (A) Gross photograph of a large diverticulum that is obvious during voiding in a patient who had a previous 
transverse island pedicle flap performed 6 months previously. (B) A retrograde urethrogram demonstrating the large 
diverticulum, (C) The diverticulum outlined at surgery. (D) The lateral walls of the diverticulum were excised and the 


urethra closed in the midline. 


Meatal prolapse 


Meatal prolapse is mostly associated with 
bladder mucosal grafts (Fig. 5). This reaction 
occurs within months after chronic exposure of 
the urothelium to the outside. Stenosis is a com- 
mon result of the unsightly overgrowth. A sim- 
ple revision with excision of the mucosa usually 
resolves the problem. This complication can be 
entirely avoided by placing a second, smaller 


free skin graft as an extension of the bladder 
mucosa graft so that skin, and not urothelium, 
is exposed to the outside. Buccal mucosal grafts 
do not appear to prolapse when exposed to the 
outside. 


Hairy urethra 


Avoidance is the easiest solution to this com- 
plication. The best replacement for the urethra is 
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Fig. 5. Urethral meatal prolapse is observed in this 
young adult who underwent repair of his distal urethra 
with a bladder mucosal graft after undergoing numerous 
hypospadias repairs in the past. 


non-hair-bearing skin—preferably the inner pre- 
puce, which most closely resembles the urethra. 
When prepuce is unavailable other substitutes 
include non-hair-bearing skin of the inner arm 
or upper thigh, bladder mucosa, and buccal 
mucosa. Split thickness skin grafts, lacking der- 
mis, contract excessively. Full thickness grafts, 
less prone to shrink, are not as easily vascular- 
ized as are other free grafts. Extragenital skin 
does not expand well during erections and exhib- 
its a fibrotic response to extravasated urine. The 
hair-bearing potential of skin from these areas 
and from the adjacent groin or scrotum is often 
difficult to assess in young patients, and prob- 
lems are encountered once hair growth begins. 

Hairy urethras are usually seen in older 
patients who had multiple staged procedures in 
which hair-bearing skin was used for urethral 
reconstruction. Problems may result from urinary 
infection, encrustration, and stone formation. 
Local measures have been described that include 
the removal of hair and calculi and cystoscopic 
fulguration of the follicles. In most instances, 
however, the hair-bearing portion should be 
replaced with a graft of distal penile skin (if avail- 
able), bladder mucosa, or buccal mucosa. 


xerotica obliterans 


Balanitis 


Balanitis xerotica obliterans sometimes occurs 
in patients after hypospadias repair and may 


cause meatal stenosis. It may also affect the glans 
penis, the prepuce, the urethral meatus, and the 
fossa navicularis. Clinical appearance is that of 
a sharply marginated white patch on the glans. 
Occasionally a rough, lichen-type scab is present. 
Topical steroids and antibiotics may help tem- 
porize the inflammatory process. Surgical repair 
is eventually necessary in most patients. This 
involves relief of the meatal stenosis initially by 
meatotomy and by more extensive resection and 
repair if it recurs. There are rare reports of 
malignant degeneration. Balanitis xerotica obli- 
terans lesions require periodic follow-up, and 
biopsy is indicated if there is a change in clinical 
appearance. 


Urinary tract infections 


Recurrent urinary tract infections may be 
present after hypospadias repair. These may be 
secondary to a stricture, diverticulum, hairy ure- 
thra, or an enlarged prostatic utricle. A retro- 
grade urethrogram should be performed to 
delineate the urethral anatomy and to determine 
if any of these conditions are present. Patients 
with severe hypospadias may have an enlarged 
utricle and very rarely they might require 
an excision. Any other conditions that are pre- 
sent should be managed as described in previous 
sections. 
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Anomalies of the male urethra are a common 
source of referral for the pediatric urologist. 
Defects can be acquired by extrinsic or intrinsic 
injury, surgical intervention, or might be the result 
of faulty development. The variety of pathology is 
matched only by the variability in presentation. 
Irrespective of the etiology, a satisfactory outcome 
requires meticulous attention to surgical technique 
and a thorough appreciation of the disease pro- 
cess. Herein the authors describe the state of the 
art for management of congenital megalourethra 
and congenital and acquired forms of urethral 
diverticula. 


Megalourethra 


The term megalourethra was originally used by 
Nesbit, who identified an otherwise normal- 
appearing 1-month-old infant with a grossly 
enlarged penis, dilation of the penile shaft with 
voiding, and acute renal insufficiency. He stabi- 
lized the patient by placement of a suprapubic 
cystostomy, and he is credited with the first suc- 
cessful surgical repair of this anomaly, which was 
performed at 9 months of age [1]. Since this initial 
description of megalourethra, experience in the 
English literature has grown to nearly 80 cases, 
and urologists’ understanding of the anomaly has 
improved greatly. 

While enlargement of the urethra can result 
from many pathophysiologic processes, the term 
congenital megalourethra should be reserved for 
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the specific urethral anomaly characterized by a 
congenital deficiency of the mesodermal tissues 
of the phallus. In 1962 Dorairajan classified con- 
genital megalourethra into two variants, scaphoid- 
and fusiform-based, on findings at urethrography 
[2]. Patients with the scaphoid variant were noted 
to have attenuation of the corpus spongiosum, 
which allowed bulging of the ventral urethra. In 
contrast, patients with the fusiform variant were 
found to have circumferential expansion of the 
urethra due to deficiency of both spongiosal and 
cavernosal tissue (Fig. 1). While this classification 
is useful clinically, it is now clear that patients can 
present with a spectrum of intermediate pheno- 
types. Appel et al found a variable degree of 
dysplasia in the spongiosal tissue of patients 
with scaphoid megalourethra. In addition, they 
reported a patient who had aplasia of only one 
of two corpora cavernosa. This finding has also 
been reported by others [3]. It appears that 
scaphoid and fusiform variants of megalourethra 
represent points along a continuum. 


Embryology 


The specific embryological cause of congenital 
megalourethra has yet to be defined. The most 
commonly held theories propose a defect in the 
migration, differentiation, or development of the 
mesenchymal tissues of the phallus. It is unclear 
whether or not megalourethra represents a pri- 
mary mesodermal defect or a manifestation of yet 
another embryological misstep. The frequent as- 
sociation of congenital megalourethra with the 
prune belly syndrome and other anomalies of the 
urinary tract have led investigators to propose 
a common etiology. It has been suggested that 
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isolated megalourethra represents a forme fruste 
of the prune belly syndrome [3]. Based on measure- 
ments of the distal urethral caliber of patients with 
triad syndrome, Beasley and colleagues theorized 


A NORMAL 


a 


B FUSIFORM 


C SCAPHOID 


that the primary event was distal urethral obstruc- 
tion during embryogenesis [4]. Stephens et al based 
similar conclusions on the finding of a distal 
epithelial plug on autopsy of two aborted fetuses 
with megalourethra. They proposed that the initial 
event was delayed canalization of the glans ure- 
thra, resulting in transient urethral obstruction. 
They also suggested that the severity of the ure- 
thral anomaly is related to the duration of obstruc- 
tion, with fusiform megalourethra suffering a more 
delayed canalization [5]. A defect in canalization of 
the glans urethra is supported by the common 
association with coronal hypospadias. Irrespective 
of the embryological cause, the development of 
megalourethra appears to be rare and sporadic, 
with no hereditary predisposition. 


Evaluation and management 


Congenital megalourethra is usually apparent 
in the neonatal period as an obviously enlarged 
or deformed phallus that appears to swell upon 
voiding. Careful palpation of the phallus might 
disclose a deficiency in ventral tissue of the penile 
urethra that tends to be more severe distally. In 
patients with the scaphoid variant, cavernosal 
tissue can be palpated dorsally. Patients with the 
fusiform variant generally have a grossly enlarged 
phallus with no palpable internal structures 
(Fig. 2). Milder forms of scaphoid megalourethra 
might not be obvious on initial examination, but 
can present after the neonatal period with urinary 
tract infections, or when a caregiver notes poor 
urinary stream or deviation or bulging of the ven- 
tral urethra during voiding. Advances in ultra- 
sound imaging have alowed the prenatal 
diagnosis of this anomaly in a few cases, and it is 
likely that this mode of presentation will become 
increasingly reported [6-8]. 

Congenital megalourethra typically appears in 
association with other congenital anomalies, of 
which genitourinary anomalies are most common. 
In a recent review of the English literature, the 
authors identified an associated congenital anom- 
aly in 66 of 78 reported cases of megalourethra 


< 
Fig. 1. Classification of megalourethra. (A) Normal 
external genitalia. (B) Fusiform megalourethra. Total 
corporal aplasia allows circumferential dilation of 
urethra. (C) Scaphoid megalourethra. Note deficiency 
of ventral corpus spongiosum only. Dilation with 
voiding allows ventral expansion of urethra with 
characteristic “boat like” appearance. (From Kirchner 
SG, Burko H. Congenital megalourethra. Pediatr Radiol 
1975;3:89-92; with permission.) 
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Fig. 2. Megalourethra in a newborn male. Note massive 
enlargement of phallus, more pronounced distally and 
ventrally. On examination this patient was noted to have 
minimal corporal tissue distally, but some was present 
at the base of the penis at the crura. (From Locke JL, 
Noe HN. Megalourethra: surgical technique for correc- 
tion of an unusual variant. J Urol 1987;138:110-1; with 
permission.) 


(unpublished observations; Table 1). The most 
commonly associated genitourinary anomalies 
appeared within the spectrum of the prune belly 
syndrome, although megalourethra has been 
associated with primary obstructing megaureter, 
ureteral reflux, renal agenesis, hypospadias, and 
several non-urologic congenital anomalies [9-12]. 
The severity of associated congenital defects tends 
to be greater with the fusiform variant. 

Because of the likelihood of occult congeni- 
tal anomalies associated with megalourethra, it 


Table 1 
Clinical characteristics of megalourethra 


Scaphoid  Fusiform Total 
Number 60 18 78 
Presenting 19 02 15 

age (yr) 

Anomalies 

All 80% (49/60) 100% (18/18) 86% (67/78) 
GU 60% (14/60) 100% (18/18) 69% (54/78) 
Triad 23% (36/60) 33% (6/18) 26% (20/78) 

syndrome 

Mortality 

All 13% (8/60) 66% (12/18) 25% (20/78) 
Pre-1980 30% (5/17) 63% (5/8) 40% (10/25) 


1980-present 7% (3/43) 70% (7/10) 20% (10/53) 


Compiled from review of 78 cases of megalourethra 
reported in the English literature between 1955-2000. 


behooves the clinician to perform a thorough 
evaluation of the urinary tract. A minimum work- 
up should include serum electrolytes and renal/ 
bladder ultrasound. These authors would also 
include a contrast cystogram. Instrumentation of 
the urinary tract should be minimized, however, 
and when necessary should be conducted in the 
presence of intravenous antibiotic prophylaxis. 
Anecdotal reports suggest that there is a propensity 
for urosepsis in these patients [13]. 


Principles of repair 


The timing and method of reconstruction in 
patients with congenital megalourethra is dictated 
by the anatomic constraints of the phallus and the 
health of the child. In those patients who survive 
the immediate neonatal period, reconstruction of 
the phallus can be undertaken. Nesbit described 
a technique for repair of scaphoid megalourethra 
with his initial report in 1955. After a circumcising 
incision and degloving of the penis he performed 
a longitudinal reduction urethroplasty over a 
catheter. This technique is straightforward, avoids 
overlapping suture lines, and its principles remain 
in wide use today. Heaton and colleagues have 
advanced another strategy for reduction urethro- 
plasty. They have successfully applied a technique 
of urethral plication to many forms of urethral 
pathology, including two cases of scaphoid 
megalourethra [14]. 

The fusiform variant of megalourethra creates 
an enormous technical challenge for the surgeon. 
The lack of supporting tissues minimizes recon- 
structive options. The phallus is usually greatly 
enlarged and can be more capacious than the 
native bladder. The severity of the defect, in addi- 
tion to the lack of erectile potential, has led many 
surgeons to suggest early sex reassignment, with 
phallic amputation and orchiectomy at the first 
opportunity. Nevertheless, there have been reports 
of phallic reconstruction in these patients with 
satisfactory cosmetic and functional outcomes 
[15]. The rarity of the defect precludes any general- 
izations with regard to surgical management; each 
case must be considered individually. 


Urethral diverticula 


The term urethral diverticulum has been used 
in the urologic literature to describe a spectrum 
of urethral pathology, including pockets, cysts, 
and urethral dilations of both congenital and 
acquired origin. For the purpose of this review, 
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diverticulum is used to denote an epithelialized, 
saccular dilation that is separate from the urethra 
but communicates by means of a discrete orifice. 
Abeshouse first suggested classification of urethral 
diverticula based on etiology [16]. A modification 
of this classification system for urethral diverticula 
is presented in Table 2. 


Congenital urethral diverticula 


Congenital urethral diverticula occur almost 
exclusively in the anterior urethra, distal to the uro- 
genital diaphragm. They appear to be distributed 
evenly between the pendulous, penoscrotal, and 
bulbar segments of the anterior [16,17]. Several 
theories have been advanced to explain their occur- 
rence, including aborted or incomplete urethral 


duplication, cystic dilation, and attenuation of 


periurethral glands. The most commonly accepted 
theory is that of a segmental developmental defect 
in the corpus spongiosum analogous to that seen 
with scaphoid megalourethra [18]. Common to 
these theories is the absence of the supporting cor- 
pus spongiosum, which allows ventral dilation of 
the diverticula lumen during voiding. 

The majority of patients who present with 
symptoms referable to the diverticulum require 
surgical correction. The symptoms are generally 
suggestive of either urinary stasis or obstruction. 
Infection, bulging, or deviation of the penis might 
be apparent. In the older patient, weak stream or 
post-void dribbling from either overflow inconti- 
nence or late emptying of the diverticula lumen 
can be present. Small urethral diverticula can come 


Table 2 
Classification of anterior urethral diverticula 


Congenital 
Mesodermal Deficiency 
Anterior urethral valve (hypoplasia of the corpus 
spongiosum) 
Developmental Arrest 
Lacuna magna (faulty union between segments of 
urethra) 


Acquired 

Post-operative 
Hypospadias repair 
Stricture repair 
Incontinence prosthesis 


Traumatic 
Intrinsic—catheterization, instrumentation 
Extrinsic—straddle injury, penetrating trauma 


Infectious 
Cowper’s gland abscess 
Periurethral abscess (glands of Littre) 


to the urologist’s attention only as an incidental 
finding and might remain asymptomatic and 
unchanged in size over many years. 


Anterior urethral valves 

Urethral diverticula can be associated with a 
profound degree of urinary tract obstruction. 
Ternovski first described this association in 1930, 
when he reported the autopsy findings of a neonate 
with urosepsis [19]. In this report a diverticulum 
was described in the bulbar urethra that was asso- 
ciated with a cusp-like valve at its distal margin, 
which appeared to obstruct the egress of urine 
from the bladder. This concept has been detailed 
by Tank, who notes that the findings on voiding 
cystography can be subtle, and that cystoscopy 
is extremely unreliable in the diagnosis [20]. 
Although cases of anterior urethral valves com- 
prised of simple transverse membranes have been 
described, they appear to be rare. The majority of 
cases appear to be the result of diverticula [17,21]. 

Anterior urethral valves are estimated to be 7x 
less common than posterior urethral valves [22]. 
The spectrum of urinary tract anomalies is gener- 
ally less severe than with posterior urethral valves, 
but they can occasionally be associated with pro- 
found bladder wall thickening, hydronephrosis, 
and renal failure. These severe cases should be 
evaluated and managed in a fashion similar to that 
of posterior urethral valves. 

All suspected cases of anterior urethral valves 
should be managed by prompt urinary tract drain- 
age, thorough evaluation of renal function, and 
imaging of the upper urinary tract with renal 
ultrasound. The lower urinary tract should be 
evaluated by voiding cystourethrogram with obli- 
que views. Typical findings on voiding cystoureth- 
rogram (VCUG) include a urethral diverticulum 
with or without proximal urethral dilatation 
(Fig. 3). Often the anterior valve leaflet can be de- 
fined, and vesicoureteral reflux can be seen in as 
many as 33% of cases [17]. Retrograde urethrogra- 
phy is an inadequate study for anterior urethral 
valves because the technique might obscure distal 
urethral pathology and the flap valve mechanism 
can prevent retrograde filling of the diverticulum. 

The timing of surgery and approach to the 
urethral diverticulum depends on several factors. 
Chief among these is the overall physical condition 
of the patient with specific reference to the status 
of the bladder and upper urinary tract. For severe 
cases, vesicostomy has been proposed to provide 
reliable drainage until the patient can undergo 
definitive correction [23]. Both endoscopic and 
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Fig. 3. Anterior urethral diverticulum. (Left) Voiding cystourethrogram demonstrating trabeculation of the bladder and 
anterior, saccular diverticulum of the bulbar urethra, Note normal distal urethra and contrast filling an intact prepuce. 
(Right) Same patient at operation. Note cusp-like valve overlying the catheter. 


open procedures have been proposed. The authors 
have been dissatisfied with endoscopic repair, par- 
ticularly if the anterior lip is prominent. Endo- 
scopic incision does not always ameliorate urinary 
stasis or ventral bulging of large diverticula. Sec- 
ondly, the attenuated tissue of the diverticulum 
is at increased risk for urethrocutaneous fistula 
formation. For these reasons the authors prefer 
open surgical correction. 

Distal valves can be approached through a sim- 
ple circumcising incision with the sleeve dissection 
of the penis. Diverticula proximal to the penoscro- 
tal junction require a more traditional perineal or 
penoscrotal incision. The urethroplasty should be 
repaired with attention to three basic tenets: 
1) complete excision of the ventral lip, 2) urethro- 
plasty with either primary reduction urethroplasty 
or, if tissue is of poor quality, with a flap or graft of 
genital or extragenital tissue, 3) if the dissection 
extensive of the tissue quality is questionable, the 
urologist should consider interposing a tissue layer 
between the urethral repair and skin to minimize 
the likelihood of fistula formation. Either tunica 
vaginalis or a flap of scrotal dartos can be used 
for this purpose [24,25]. 


Lacuna magna 

A unique form of congenital anterior urethral 
diverticulum found exclusively in the glanular ure- 
thra was first described by Guerin [26]. A lacuna 
magna, or valve of Guerin, is found as an epithe- 
lialized pocket dorsal to the fossa navicularis and 


is thought to be the result of faulty union of the 
glanular and penile shaft urethra during embryo- 
genesis. 

A lacuna magna occasionally becomes appar- 
ent patients who present with unexplained dysuria, 
urgency, hematuria, or blood spotting on the 
underclothes. A urine culture is generally unre- 
markable. Because the ostium of the valve faces 
distally, obstruction does not occur. Catheter pas- 
sage can be difficult as the catheter tip can prefer- 
entially pass into the diverticulum [27]. Repair of 
this type of urethral diverticulum is not always 
necessary, and the decision to incise the valve leaf- 
let is dictated by the severity of symptoms. Valve 
ablation can generally be accomplished without 
morbidity using either a cold knife optical urethro- 
tome or tenotomy scissors (Fig. 4). 


Acquired urethral diverticula 


The majority of urethral diverticula encoun- 
tered by the practicing urologist are acquired by 
infection, trauma, or urethral surgery. Although 
the potential causes are manifold, the surgical 
approach to these acquired diverticula is dictated 
as mindful appreciation of the location, blood 
supply, and etiology. 


Post-operative diverticula 

Urethral diverticula generally present within 
6 months of urethral surgery with weak urinary 
stream, post-void dribbling, urinary tract infection, 
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Fig. 4. Treatment of lacuna magna. Identification and calibration of diverticulum with Alacrimal probe (top) and 

marsupialization with scissors (bottom). (From Sommer JT, Stephens FD. Dorsal urethral diverticulum of the fossa 

navicularis: symptoms, diagnosis, and treatment. J Urol 1980;124:94-7; with permission.) 


Fig. 5. Repair of distal urethral stricture using urethral diverticulum. (A) Distal stricture incised, excess tissue from 
diverticulum fashioned as flap. (B) Completed urethroplasty. (From Mesrobian HO. Pediatric urethral diverticulum. 
In: Graham SD, editor. Glenn’s urologic surgery, Sth edition. Philadelphia: Lippincott, Williams, and Wilkins; 1998. 
p. 790-8; with permission.) 
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or hematuria. As with congenital diverticula, the 
patient or caretaker might notice ballooning of 
the penile shaft during voiding, or other symptoms 
referable to urinary tract obstruction. 

These diverticula can occur as a diffuse dilata- 
tion of either the neourethra or the native urethra 
and have been reported in as many as 10% of 
patients who undergo island flap repairs. Aigen 
et al termed this complication “acquired mega- 
lourethra” [28]. Like congenital megalourethra, 
the lack of supporting spongiosal tissue appears 
to be an important factor in the development of 
this complication. The creation of a neourethra 
of excessive caliber might also contribute. Distal 
urethral obstruction potentiates the formation of 
diverticula and might result from a non-compliant 
or inadequate caliber distal urethra, meatal 
stenosis, kinking of the neourethra at the glans, 
or a marked step-off in diameter at the level of 
the neourethral anastomosis. 

Urethral diverticula are commonly found in 
association with other forms of urethral disease 
such as stricture and fistula. The presence of diver- 
ticula must be appreciated at the time of surgery so 
they can be incorporated into the operative plan. 
The intraoperative approach must include an 
assessment of the distal urethral caliber with a 
bougie a boule or lacrimal probe. Cystoscopy 
should be available to inspect the distal urethra, 
and the presence of fistula must be ascertained. 

A localized saccular diverticulum can usually 
be excised and reduced in a longitudinal fashion. 
The more commonly encountered scaphoid variety 
has traditionally been repaired by excision of 
redundant tissue followed by multi-layered closure 
[29]. The tissue is often elastic and well vascular- 
ized, making it suitable for use in the repair of 
fistula and distal strictures (Fig. 5) [30]. As in con- 
genital diverticula, tissue interposed between the 
urethroplasty and skin might decrease the inci- 
dence of postoperative fistula. 

Heaton and colleagues have advocated a ure- 
thral plication procedure alone or in combination 
with distal stricture repair for post-hypospadias 
megalourethra (Fig. 6). Because the urethra is 
not opened, this technique has the theoretical 
advantage of preserving the neourethral blood 
supply and decreasing the risk of post-operative 
fistula [14]. 


Traumaticlinfectious diverticula 

Acquired urethral diverticula are often iatro- 
genic and can develop as a result of catheterization 
or instrumentation. More significant diverticula 


Fig. 6. Repair of acquired megalourethra by plication. 
(From Mesrobian HO. Pediatric urethral diverticulum. 
In: Graham SD, editor. Glenn’s urologic surgery, Sth 
edition. Philadelphia: Lippincott, Williams, and Wilkins; 
1998. p. 790-8; with permission.) 


can result from external trauma from straddle 
injury or blunt injury to the penis. Leakage of 
urine at the site of injury can result in the forma- 
tion of an epithelialized sac. If symptomatic, these 
diverticula can be addressed with formal surgery 
using the techniques outlined above. Finally, infec- 
tion occasionally occurs in an obstructed Cowper’s 
gland or periurethral gland. Resolution of the 
infection can result in an epithelialized pocket. 
Generally these diverticula are small and easily 
treated by endoscopic marsupialization. 


Conclusions 


Megalourethra and urethral diverticula 
encompass a diverse group of urethral defects. 
The appropriate management of these anomalies 
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requires a keen appreciation of urethral anatomy 
and embryology, and the frequent occurrence 
of associated congenital anomalies requires a 
thorough evaluation of the urinary tract. Finally, 
satisfactory surgical management demands meti- 
culous attention to surgical technique and thought- 
ful post-operative management. 
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Although epispadias is considered to be the 
least severe defect of the exstrophy-epispadias 
complex, the treatment of this anomaly is far from 
trivial. Epispadias does not involve the body of 
the bladder or the hindgut but does affect the ure- 
thra and can affect the bladder neck. As a conse- 
quence, it presents with a spectrum of severity 
that can affect urinary continence if the epispadias 
anomaly is proximal enough to affect the urinary 
sphincter mechanism. 


Anatomic features 
Features in the male patient 


The defect in epispadias involves an absence of 
the dorsal aspect of the urethra and overlying 
skin. This defect extends to the bladder neck in 
the more severely affected proximal cases (Fig. 1). 
The penis is deflected dorsally and may have true 
intrinsic dorsal chordee. The corpora cavernosa 
are splayed laterally due to their attachment to 
the separated pubic bones. Because of the pubic 
diastasis associated with epispadias the penis 
appears variably foreshortened. Magnetic reso- 
nance imaging (MRI) evaluation of the penile 
length of adult male exstrophy and epispadias 
patients also reveals that the total corporal length 
is significantly shorter than in a control popula- 
tion. This corporal shortening apparently results 
from a foreshortened anterior segment (distal to 
the pelvic attachment). The posterior corporal 
segment is unaffected [1]. 

The combination of the short urethral plate 
and dorsal chordee also creates the appearance of 
the glans penis lying in close approximation to 
the prostatic utricle. The ejaculatory ducts empty 
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at the verumontanum, which is exposed on the 
urethral plate. The vas and ejaculatory ducts are 
typically unaffected in male epispadias patients 
unless they are iatrogenically damaged. Normally, 
the nerves travel the dorsal aspect of the penis 
after they traverse the posterolateral aspects of 
the prostate and the membranous urethra [1]. In 
the male patient with epispadias, however, the 
sensory nerves to the glans are paired and located 
on the lateral aspects of the corporal bodies lateral 
to the urethral plate. This has obvious implica- 
tions for later surgical procedures. 

The prostate is also incompletely formed in the 
setting of proximal epispadias [2,3]. The scrotum 
is not typically involved, although some patients 
with epispadias have an increased distance 
between the base of the penile shaft and the scro- 
tum and broadening of the scrotum dependent on 
the degree of diastasis. 

Because of the underlying bladder neck anoma- 
lies, male patients with proximal epispadias may 
have impaired fertility or be completely incon- 
tinent. Retrograde ejaculation will occur if the 
bladder neck does not close completely during 
emission following reconstruction [4-6]. 


Features in the female patient 


The female patient with epispadias has char- 
acteristic anatomic features (Fig. 2). The dorsal 
aspect of the urethra is absent and the urinary 
sphincter mechanism is invariably involved. In 
affected girls the clitoris is bifid, the perineal body 
is broadened, and the vagina is anterior to its 
orthotopic position. The mons pubis is absent. 
In association with a bifid clitoris, the anterior 
labia are laterally displaced, although they fuse 
in the midline posteriorly. The vagina and the 
introitus are displaced anteriorly from their usual 
positions. The introitus is tilted cephalad. The 
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Fig. 1. Four-month-old boy with penopubic epispadias. 
The bladder neck is exposed at the dorsal base of the 
penis. Note the skin discoloration secondary to chronic 
urine contact dermatitis. 


vaginal opening may be stenotic in these patients, 
but the authors have not found this to be a char- 
acteristic de novo feature. Vaginal stenosis can 
result as a complication of surgical intervention, 
however. Internal genital structures (uterus, cer- 
vix, fallopian tubes, and ovaries) are usually unaf- 
fected, although the cervical os often enters the 
superior wall of the vagina. Uterine prolapse due 
to deficient pelvic floor support can occur in older 
patients and poses particular problems with preg- 
nancy [7]. Early primary reconstruction may 
decrease this risk. Uterine suspension procedures 
such as sacrocolpopexy can be employed in these 
situations as well. 


Fig. 2. Three-month-old girl with epispadias. Inset close- 
up demonstrates bifid clitoris and visible bladder neck at 
the urethral meatus. 


Urinary continence 


For boys with penopubic epispadias and girls 
with epispadias, the bladder neck is invariably 
involved; it is often wide and incompetent. This 
involvement directly affects the continence mecha- 
nism of these patients and impacts the ability to 
achieve urinary continence. In untreated boys 
with epispadias continence is possible if the epis- 
padias is located distally and the bladder neck is 
not involved. In girls, however, continence is in- 
variably affected to some degree because the ure- 
thral and bladder neck ectasia are invariably 
involved in female epispadias. Because of the 
shared features with bladder exstrophy, clinicians 
consider epispadias as part of a spectrum of the 
exstrophy/epispadias complex. The authors believe 
that penopubic epispadias in the boy and epispa- 
dias in the girl should be repaired completely with 
acomplete primary repair technique at birth, simi- 
lar to classic exstrophy, to maximize the potential 
for urinary continence. 


Epispadias repair 
Male epispadias repair 


The ideal approach to male epispadias repair 
should return the genitourinary anatomy to its 
normal location and configuration. This will 
involve the following goals: 


e Correction of dorsal chordee 

e Creation of a straight urethra to allow easy 

negotiation during catheterization or cysto- 

scopy 

Satisfactory cosmesis 

e Minimal complications, especially regarding 
urethrocutaneous fistulas 

+ Maintenance of erectile function 

e Creation of urinary continence (penopubic 
epispadias) 


Most currently used repairs are based on the 
unique blood supply of each corpora, the glans 
halves and the bladder neck and urethra. Multiple 
operations have been devised in attempts to 
achieve these goals. Two procedures in particular 
deserve discussion because they have proven to 
be the most successful and because they incorpo- 
rate an anatomic approach to epispadias repair. 
These methods are the Cantwell-Ransley techni- 
que and the complete penile disassembly (Mitchell) 
technique. Unlike surgeons before him, Cantwell's 
efforts to correct epispadias at the turn of the 
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twentieth century focused on reconstituting the 
anatomic defect toward normal [8]. The com- 
plete penile disassembly technique represents a 
philosophic extension of Cantwell’s approach that 
maximizes the surgeon’s ability to move the ure- 
thra, bladder, and bladder neck posteriorly into an 
anatomically normal location. Both employ dissec- 
tion of the corporal bodies and transposition of 
the urethral plate to the ventral aspect of the penis. 
Lack of length of the urethra may result in hypo- 
spadias with either of these techniques. These com- 
plications can be corrected later in a variety of 
ways using operations described for hypospadias 
repair. 

The complete penile disassembly technique 
allows the bladder neck and urethra to be placed 
into a more anatomic position in the pelvis. As a 
result, this technique can effectively correct uri- 
nary incontinence as well as the penile abnormal- 
ities associated with epispadias with one operation 
[9]. In contrast, the Cantwell-Ransley technique 
limits anatomic reconstitution because the urethra 
is not dissected from the corporal bodies. As a 
result, patients who undergo a modified Cantwell- 
Ransley epispadias repair for proximal epispadias 
typically require another operation specifically 
targeted at bladder neck reconstruction to achieve 
urinary continence. 


Operative approach to epispadias 


Epispadias repair can be challenging. The 
modified Cantwell-Ransley and complete penile 
disassembly procedures are described below. Both 
types of repair can be employed as salvage proce- 
dures for patients who have undergone previous 
operations for epispadias. 


Modified Cantwell-Ransley repair 


Cantwell first described mobilization and ven- 
tral movement of the urethra for epispadias repair 
at the turn of the twentieth century [8]. Ransley 
subsequently successfully modified this technique 
[10]. The modified Cantwell-Ransley repair has 
been widely used ever since. 

Initially, a traction suture is placed into the 
glans penis. A marking pen is then used to outline 
the incisions for a reverse meatal advancement 
and glanuloplasty (MAGPI) or Ipgam procedure 
at the distal urethral plate. This advances the ure- 
thral meatus onto the glans. Skin incisions are 
then made on the lateral edges of the urethral 
plate and around the epispadic meatus. This plate 


is dissected from the corporal bodies up to the 
level of the glans distally and to the prostatic ure- 
thra proximally. Lateral flaps or wings should be 
developed in the glans penis as well. The corporal 
bodies are then separated from each other, allow- 
ing them to rotate medially. The urethra is then 
tubularized over a 6 or 8 French urethral catheter, 
typically using running absorbable suture. The 
corporal bodies are rotated over the urethra and 
re-approximated using absorbable sutures in an 
interrupted fashion. Cavernosotomies may be per- 
formed prior to re-approximating the corporal 
bodies to help correct persistent chordee. These 
are performed at the point of maximal angulation. 
Neurovascular bundles may require mobilization 
to avoid injury if cavernosotomies are performed. 
The glans wings are then closed over the urethra 
dorsally using interrupted absorbable sutures. 
Penile shaft skin can be trimmed and tailored to 
cover the penis. Z-plasties at the level of the pubis 
may decrease the chance of a dorsal retractile scar 
at the base of the penis. 


Complete penile disassembly (CPD) technique 


Bagli and Mitchell first reported results using 
this technique in 1996 [11]. Complete penile disas- 
sembly offers several advantages compared to the 
modified Cantwell-Ransley technique. The planes 
of dissection extend anatomically to the bladder 
neck. This facilitates its use with bladder neck 
reconstruction. Complete mobilization of the ure- 
thral wedge from the corporal bodies by disassem- 
bly also creates a more normal appearance of the 
penis by allowing ventral placement of the ure- 
thra. This technique is based on the unique ana- 
tomy of the epispadias. The blood supply of each 
hemiglans is dependent on the paired unique dor- 
sal complex found lateral to the urethral plate on 
the lateral aspect of the corpora. Because the cor- 
pora are separated there is little or no crossed 
blood supply, and the primary circulation of each 
corpora cavernosa is based on the central artery. 
Similarly, the urethral plate and spongiosa have 
their unique blood supplies and are innervated 
from the proximal urethra (not the distal urethra). 
The corpora cavernosa with hemiglans can there- 
fore be separated completely from each other and 
from the spongiosa and urethra complex without 
potential to damage ultimate function. This disas- 
sembly maximizes the potential for anatomic 
reconstruction. It is important to note that the 
dorsal complex is not dissected from the corpora 
cavernosal bodies. 
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Techniques 
Initial dissection 


To aid in dissection, traction sutures are placed 
into each hemiglans of the penis. The sutures are 
placed at the beginning of the operation and are 
initially oriented transversely in the hemiglans 
(Fig. 3). Following dissection of the corporal 
bodies and the urethral wedge (urethral plate plus 
underlying corpora spongiosa) from each other, 
the sutures will rotate to a parallel vertical orienta- 
tion as the corporal bodies rotate medially. The 
authors also use fine-tip tungsten electrocautery 
(Colorado®) tip during this dissection. 

The authors begin the penile dissection along 
the ventral aspect of the penis as a circumcising 
incision. This step precedes dissection of the ure- 
thral wedge from the corporal bodies because it 
is easier to identify Buck’s fascia ventrally. The 
initial plane of dissection occurs just above Buck’s 
fascia. Buck’s fascia stops at the corpora spongio- 
sum during the dissection. As the dissection pro- 
gresses medially, the plane will shift from above 
the Buck’s fascia to above the tunica albuginea 
on the ventromedial aspect of each corporal body. 

The authors routinely color the urethral wedge 
and epispadic urethra to differentiate urothelium 
from squamous epithelium. Injection of the sur- 
rounding tissues with 0.25% lidocaine; 1:200,00 
wmL epinephrine also improves hemostasis, 
which assists the dissection. The margins of the 
dorsal urethra are usually obvious. The urethral 
wedge (urethra and underlying corpora spon- 


Fig. 3. Glans traction sutures placed into each hemi- 
glans in a transverse orientation. The urethra and 
bladder neck are shaded to demonstrate the area of 
dissection. 


giosa) is dissected from the dorsomedial aspect 
of the corpora cavernosa on the tunica albuginea, 
preserving all of the spongiosa (a triangular wedge 
of tissue; Fig. 4). The spongiosa will be tubular- 
ized later. 

Careful lateral dissection of the penile shaft 
skin and dartos fascia from the corporal bodies 
is performed above Buck’s fascia since the neuro- 
vascular bundles are located laterally on the cor- 
pora within Buck’s fascia [1]. 


Penile disassembly 


To perform the proximal dissection of the ure- 
thra and bladder neck from the corporal bodies, 
the penis is disassembled into three compo- 
nents—the right and left corporal bodies with 
their respective hemiglans and the urethral wedge 
(urothelium with underlying corpora spongiosa). 
This is done primarily to provide exposure of 
the intersymphyseal band (an anterior condensa- 
tion of the pelvic diaphragm) and to allow ade- 
quate exposure for proximal dissection (Fig. 5). 
It is easiest to initiate proximally and ventrally. 
The plane of dissection should be carried out at 
the level of the tunica albuginea on the corpora. 
After a plane is established between the urethral 
wedge and the corporal bodies this dissection is 
carried distally to separate the three components 
from each other. This maximizes the degree of 
freedom for the best repair. The corporal bodies 
might be completely separated from each other 
since they exist on separate blood supplies 
(Fig. 6). It is important to keep the underlying 
corpora spongiosa with the urethra; the blood 
supply to the urethra is based on the spongiosal 
tissue, which should appear wedge-shaped after 
its dissection from the adjacent corpora caver- 
nosa. This urethral/corporal spongiosal compo- 
nent will later be tubularized and placed ventral 
to the corporal bodies. Para-exstrophy skin flaps 
cannot be used with this technique and should 
never be used because this maneuver will de-vascu- 
larize the distal urethra. The bladder and urethra 
are moved posteriorly in the pelvis as a unit. In 
some cases a patient will be left with a hypospa- 
dias because of the shortness of the urethra. This 
will require later surgical reconstruction. 


Proximal dissection 


Proximal dissection of the urethral wedge from 
the corporal bodies is critical to the posterior 
placement of the bladder neck and proximal ure- 
thra. Deep incision of the intersymphyseal liga- 
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Fig. 4. Plane of dissection between the urethral wedge of tissue and the corpora cavernosa. Note that the initial ventral 


dissection has already been performed. 


ments posterior and lateral to each side of the ure- 
thral wedge is absolutely necessary to allow the 
bladder to achieve a posterior position in the pelvis 
(Fig. 7). Failure to adequately dissect the bladder 


Fig. 5. Lateral plane of dissection reveals the inter- 
symphyseal band (an anterior condensation of the pelvic 
diaphragm). This band must be deeply incised to allow 
the bladder neck and urethra to be placed posteriorly in 
the pelvis. 


and urethral wedge from these surrounding struc- 
tures will create anterior tension along the urethral 
plate and prevent posterior movement of the blad- 
der in the pelvis. As the urethral wedge dissection 
is carried proximally to the bladder neck, take care 
not to enter the corpora spongiosa at the bulbous 
urethra. This plane of dissection is usually more 
superficial than it appears to be at first. 


Primary closure 


Once the bladder and urethral wedge are ade- 
quately dissected the majority of the procedure 
is completed, and the closure is straightforward 
and anatomic. Prior to performing the urethral 
closure, the authors place a suprapubic tube and 
bring it out through the umbilicus. The authors 
tubularize the urethra using a two-layer running 
closure with monofilament and Vicryl® sutures 
as well (Fig. 8). To reconstitute normal ana- 
tomic relationships the tubularized urethra is posi- 
tioned ventral to the corpora cavernosa. As 
previously noted, the corporal bodies will rotate 
medially (Fig. 9). The previously lateral margins 
of the Buck’s fascia of each corpora cavernosa 
can then be approximated in the midline as a 
result of this medial rotation. This rotation will 
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Fig. 6. Cross-sectional view demonstrating the extent of dissection with the complete penile disassembly and primary 
repair technique in a male with exstrophy. The limit of posterior dissection for penopubic epispadias is the same as it is in 


exstrophy—the muscular pelvic floor. 


assist in correcting dorsal deflection, which can be 
readily appreciated by observing the newly 
assumed vertical lie of the previously horizontally 
placed glans traction sutures. 

The authors re-approximate the pubic symphy- 
sis using two 0.0 polydiaxonone interrupted 
sutures with the knots tied anteriorly to prevent 


Fig. 7. Penile disassembly is performed sharply to 
separate the corporal bodies from each other. The 
corporal bodies do not have a shared blood supply. 


suture erosion into the bladder neck (Fig. 10). 
Rectus fascia is re-approximated using a running 
2.0 polydiaxonone suture. Penile shaft skin is 
reconfigured using either a primary dorsal clo- 
sure or reversed Byar’s flaps (if needed) to pro- 
vide dorsal skin coverage. Skin covering the 
abdominal wall is re-approximated using a two- 
layer running closure of absorbable monofilament 
sutures. 

Occasionally, significant discrepancies in the 
dorsal and ventral lengths of the corpora will 
require dermal graft insertion. However, this is 
rarely needed in the newborn closure. The corpora 
are re-approximated with fine, interrupted sutures 
along their dorsal aspect. 

The urethra can then be brought up to each 
hemiglans ventrally to create an orthotopic mea- 
tus (Fig. 11). The glans is reconfigured using inter- 
rupted mattress sutures of polydiaxonone suture 
(ie, PDS®) followed by horizontal mattress 
sutures of 7.0 monofilament suture (ie, Maxxon®) 
to re-approximate the glans epithelium. The 
neourethra is matured with 7.0 braided polyglac- 
tin suture (ie, Vicryl®). The authors also perform 
glans tissue reduction to create a conical appear- 
ing glans. 


R.W. Grady, M.E. Mitchell | Urol Clin N Am 29 (2002) 349-360 355 


Fig. 8. Urethral tubularization in continuity with bladder neck closure. If the bladder neck is not patulous, no specific 
effort at bladder neck reconstruction is made at the time of closure. 


Success rates 
Cosmesis 


Reported rates of success for epispadias repairs 
vary. The degree of epispadias, the age of the 


Fig. 9. The corporal bodies will rotate medially. This 
helps to correct the chordee and also moves the 
neurovascular bundles to a more normal anatomic 
relationship distally. 


patient, surgeon experience, and the presence of 
previously operated tissues all impact the success- 
ful outcome of epispadias repair. Furthermore, 
penile cosmesis is a subjective measurement. A 
satisfactory appearance to the surgeon may not 
equal that of the patient’s expectations and vice— 
versa. The cosmetic success rates of reported series 
are thus difficult to validate and compare for this 
repair. A recent review of the Cantwell-Ransley 
technique in 40 patients reported a successful ana- 
tomic and functional result in 90% of the patients 
at a mean follow-up period of 3 years [12]. Zaontz 
and colleagues reported on a multi-center experi- 
ence using the total penile disassembly technique 
and found that 16 of 17 boys had straight erec- 
tions following repair [13]. Perovic has described 
variants of the disassembly technique for epispa- 
dias that may be used in selected circumstances 
as well [14]. 


Continence 


Continence rates following male epispadias 
repair using the complete penile disassembly tech- 
nique approach 80% (volitional voiding with con- 
tinence intervals > 3 hours) [9]. For patients who 
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Fig. 10. The pubis symphysis is re-approximated after the urethra and bladder neck have moved posteriorly underneath 


the corporal bodies. 


Fig. 11. The urethra typically possesses enough length 
to reach the glans. Penile skin coverage may be provided 
by reversed Byar’s flaps. 


do not gain sufficient urinary continence following 
the primary repair the authors have been able to 
achieve urinary continence using a modification 
of the Ledbetter bladder neck procedure. 


Complications 


Complications of epispadias repair include the 
development of urethrocutaneous fistulas, persis- 
tent chordee, difficulty with urethral catheteriza- 
tion, and erectile dysfunction. Fistulas typically 
occur dorsally at the base of the penis. This 
is the area where tissue coverage is most tenu- 
ous and the corporal bodies do not yet cover 


the reconstructed urethra. Fistula rates for the 
Cantwell-Ransley repair range from 5% to 20% 
[15,16]. Fistula rates using the total penile disas- 
sembly technique are 10% to 20% [11,13,14]. 

Lottman and colleagues reported complica- 
tions that required further surgical reconstruction 
in 45% of their patients who underwent a modified 
Cantwell-Ransley repair. Complications were 
more common in patients who underwent this 
procedure as part of a staged exstrophy closure 
versus isolated epispadias [12]. The high rate of 
re-operation reflects the technical difficulty 
involved in epispadias repair, even in experienced 
hands. 

Although both the Cantwell-Ransley and total 
penile disassembly techniques can be employed as 
salvage procedures for the older child, these 
patients may also require dorsal dermal grafts to 
achieve a straight penis. The neurovascular bun- 
dles may also require mobilization to allow graft 
placement in this situation. Otherwise, it is more 
prudent to avoid excessive mobilization and hand- 
ling of these nerve bundles when possible. 

Finally, the popularization of the Mitrofanoff 
principle has significantly improved the manage- 
ment of those patients with tortuous neourethras 
following urethral reconstruction. Incidentally, 
this has not been a problem with the complete 
penile disassembly technique. Creation of a 
Mitrofanoff channel allows patients who require 
intermittent catheterization of their bladders to 
do so easily. Most patients with bladder exstrophy 
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that require clean intermittent catheterization 
(CIC) prefer to do so through a Mitrofanoff 
rather than per urethra even if urethral catheteri- 
zation is technically straightforward. Patients 
repaired using the CPD technique rarely require 
catheterization, however. The authors do not 
expect that patients with epispadias who have 
been repaired with the complete penile disassem- 
bly technique will require CIC. 


Female epispadias 


Female epispadias occurs more rarely than 
male epispadias, at approximately 1/150,000 to 
1/300,000 live female births. As a consequence, 
even at large tertiary care centers, experience with 
the management and treatment of this anomaly is 
limited. Most series in the literature report on <15 
patients [17-19]. 

The condition may be missed during the new- 
born examination and only recognized later when 
the affected child presents with severe urinary 
incontinence. This is unfortunate, because early 
repair may result in early bladder cycling and 
increase the potential for later urinary continence 
with voiding. Typically, the sphincteric mechan- 
ism is compromised in girls with epispadias, 
resulting in stress urinary incontinence that may 
be near total. Occasionally, these children are 
incorrectly diagnosed as intersexed; in deJong’s 
series, three of four girls were initially misdiag- 
nosed with an intersex condition [17]. 

As in the case for boys with epispadias, the 
optimal surgical approach returns the altered 
anatomy to as normal an anatomic location as 
possible. Specific goals in the management of 
these patients include: 


e Creation of a straight urethra 

e Satisfactory cosmesis with symmetric re- 
approximation of genitalia in the midline 

e Minimal complications 

e Creation of urinary continence 

+ Maintenance of clitoral function 


Because urinary continence invariably affects 
these patients, traditional surgical approaches 
have relied on a staged technique adapted from 
those used for boys with penopubic epispadias [18]. 

The first stage involves urethral and vulvar 
reconstruction. During the second stage, the child 
undergoes bladder neck reconstruction to increase 
outlet resistance. Timing for these stages can vary, 
but the second stage is usually deferred until the 
child expresses an interest in toilet training. 


More recently, one-stage techniques have been 
described. Grady and Mitchell have applied the 
complete primary repair technique used for 
exstrophy to female epispadias [20]. DeJong and 
co-workers have also described a technique that 
relies on similar principles but also utilizes a con- 
comitant modified needle bladder neck suspension 
technique [17]. With these one-stage techniques 
the key principle involves extensive mobilization 
of the urethra and bladder neck with the vagina 
as a unit so that these structures can be moved 
posteriorly into a more anatomically normal 
intra-abdominal position. As a result, these pati- 
ents have the potential to gain urinary continence 
without the need for bladder neck reconstruction. 

Patients and their families should be counseled 
about the possible need for short-term or life-long 
CIC following epispadias repair aimed at achiev- 
ing urinary continence. If patients or their families 
are reluctant to perform CIC per the urethra, the 
operations should be delayed or alternatives such 
as the creation of a Mitrofanoff channel for CIC 
should be considered. 


Complete primary epispadias repair technique: 


female epispadias 


The principles of this single-stage technique are 
the same in boys and girls. After preoperative 
antibiotic therapy is given and the patient is pre- 
pared and draped in a sterile field, the authors 
mark the planned lines of incision (Fig. 12). The 
bladder neck, urethra, and vagina are mobilized 
as a unit. The authors perform this dissection 
with tungsten-tip electrocautery (Colorado® tip) 
to minimize tissue damage while achieving hemo- 
stasis. The plane of dissection occurs anteriorly 
along the medial aspect of the bifid clitoris and 
proceeds posteriorly along the lateral aspect of 
the vaginal vault (Fig. 13). The vagina is mobi- 
lized with the urethra and bladder neck. The ure- 
thra and bladder neck should not be dissected 
from the anterior vaginal wall because this will 
compromise the blood supply to the urethra. Dur- 
ing the posterior lateral dissection the intersym- 
physeal bands will be encountered and should be 
deeply incised to allow the urethra and bladder 
neck to move posteriorly. The posterior limit of 
the dissection is reached when the pelvic floor 
musculature is exposed. 

Following adequate dissection, the vagina, ure- 
thra, and bladder neck are moved posteriorly in 
a Y-V plasty fashion (Fig. 14). The urethra is 
then tubularized using a two-layer closure of 


358 R.W. Grady, M.E. Mitchell | Urol Clin N Am 29 (2002) 349-360 


Bane of Cross Section. Correction of Exstrophy Q 


Incision through- 
Perineal Membrane 


terus 


‘Symphysis 


Clitoris 
Urethra 
Vagina 
Labia 


Fig. 12. Schematic diagram of lines of incision for complete primary repair of a female infant with bladder exstrophy. 
Note how this concept has been applied to the repair of female epispadias in Fig. 13 demonstrating lines of incision for 
an infant girl with epispadias. Note the posterior extent of dissection to allow movement of the vagina, bladder neck, and 
urethra as a unit posteriorly. 


absorbable sutures. Prior to the urethral closure suture (Fig. 15). Osteotomies may be necessary 
the authors routinely place a suprapubic tube to when a wide pubic diastasis prevents a low-tension 
assist with post-operative management. The pubis re-approximation of the pubic symphysis. The 
symphysis is re-approximated using 0.0 PDS authors use anterior iliac osteotomies in these 


situations. The rectus fascia can then be closed 
in the midline. The authors mature the neourethra 


a 


Fig. 13. The plane of dissection lies adjacent to the 
urethra and vaginal vault and must be carried through 
the intersymphyseal band on both sides. The clear Fig. 14, The urethra is tubularized and the vagina, 
catheter is placed through the bladder neck. urethra, and bladder neck are moved posteriorly. 
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dee É a 
Fig. 15. The pubis symphysis is re-approximated. With 
adequate dissection, the pubis symphysis can be re- 
approximated with minimal compressive effects on the 
urethra and bladder. 


with 5.0 Vicryl® sutures and re-approximate 
the bifid clitoris by denuding them medially so 
that they fuse together after suturing with 7.0 
Maxxon” sutures (Fig. 16). If needed, the labia 
majora may be advanced posteriorly to the peri- 
neum at this time as well (Fig. 17). 

The authors maintain these patients on sup- 
pressive antibiotic therapy post-operatively while 
indwelling catheters are in place. Anticholinergic 
therapy is also used to treat post-operative blad- 
der spasms. The authors also use a Spica cast to 
decrease lateral stresses on the closure in the 
post-operative period. 


Fig. 16. Final reconstruction demonstrates apposition 
of the labia and clitoral bodies. Denuding the epithelium 
on the clitoris medially improves the cosmetic results 
post-operatively. 


Fig. 17. Pre- and Post-operative appearance of a 16- 
year-old girl with epispadias. The labial incisions have 
been carried posteriorly to allow the posterior aspect of 
the labia to reach the perineal body. This improves the 
cosmetic appearance of the external genitalia. 


Success rates 


No reported series is large enough to make 
definitive statements about rates of satisfactory 
cosmesis or continence. The small series reported 
in the literature have continence rates ranging 
from 50% to 87.5% [17,18,21]. With his one-stage 
technique deJong reported a continence rate of 3 
of 3 patients. One required CIC to empty her 
bladder and one had some degree of stress urinary 
continence with sports activity, however. Two of 
these patients were also treated with endoscopic 
periurethral injection of silicone granules [17]. 


Conclusions 


Epispadias represents one end of the spectrum 
of the exstrophy—epispadias complex. As a result, 
the lessons the authors have learned from the 
management of bladder exstrophy may be applied 
to the management of epispadias. Because epispa- 
dias is rare and the operative techniques are tech- 
nically challenging, it is important to involve a 
surgeon who is experienced in the care of these 
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patients. A long-term commitment to these patients 
is also necessary. As evidenced by the success rates 
at even the most experienced centers, some patients 
will require further operations to achieve urinary 
control, and many will require more conservative 
measures to optimize urinary continence, body 
image, and sexual function. The promise of one- 
stage techniques to simplify the operative manage- 
ment of these patients represents a significant 
advance in the care of epispadias. 
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The male urethra consists of anterior and pos- 
terior segments. The anterior urethra includes the 
pendulous urethra from the fossa navicularis to 
the penoscrotal junction and the bulbar urethra 
from the penoscrotal junction to the membranous 
urethra (Fig. 1). The posterior urethra includes 
the external striated and intrinsic smooth muscle 
sphincters of the membranous urethra, as well as 
the prostatic urethra and the internal smooth 
muscle sphincter at the bladder neck [1]. 

The term urethral stricture is generally used to 
refer to obstructive conditions of the anterior ure- 
thra [2] that result from compressive trauma 
(straddle injury, iatrogenic instrumentation) or 
inflammation (infection, balanitis xerotica obliter- 
ans). Scar in the surrounding corpus spongiosum 
is termed spongiofibrosis. In contrast, posterior 
urethral strictures are distinct from those of the 
anterior urethra since the usual mechanism of 
injury is complete or partial disruption from 
pelvic trauma resulting in displacement of the 
urethral axis and urethral obliteration from 
intervening fibrosis. Rarely, urethral strictures in- 
volve both anterior and posterior segments simul- 
taneously. 

Radiographic staging helps define the location, 
length, number, and density of strictures as well 
as periurethral pathology, all of which are impor- 
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tant factors for determining appropriate therapy. 
Predominant urethral imaging techniques includ- 
ing retrograde and antegrade urethrography, 
sonourethrography, and magnetic resonance imag- 
ing are reviewed herein. 


Anterior urethra 
Retrograde urethrography 


First popularized in 1910 by Cunningham, 
radiographic retrograde urethrography (RUG) 
remains the gold standard imaging study for 
diagnosing urethral strictures [3]. RUG is a 
straightforward, readily available, cost-effective 
technique consisting of simply a plain radiograph 
during retrograde instillation of dilute contrast. 
Because of its convenience RUG is the preferred 
imaging modality used to screen for suspected 
urethral stricture disease. 

RUG can be performed in a dynamic or static 
fashion [1]. To obtain a dynamic RUG the film is 
exposed while contrast is being injected. A static 
RUG image (less commonly performed) is 
obtained after injection of contrast followed by 
clamping of the penis. The advantage of the 
dynamic study is that it allows better visualization 
of the bladder neck and posterior urethral land- 
marks. The normal bulbar urethra is a convex, 
symmetrical cone shape to the proximal bulbous 
urethra. If the proximal bulbar urethra is nar- 
rowed, elongated, asymmetrical, irregular, or 
absent the stricture extends into the membranous 
urethra >90% of the time [1]. 

Multiple instruments and techniques have 
been described for instillation of contrast into 
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Fig. 1. Anterior urethra. (A) Shaded area represents the bulbar urethra extending from the membranous urethra to the 


penoscrotal junction. Pendulous urethra continu 
arrow pointing to a stricture of the fossa navicularis. 


the urethra [4-10]. The penis should be placed on 
moderate stretch. A Brodney clamp or a catheter- 
tip syringe are commonly used, although a RUG 
can also be easily performed by placing a 12 to 
14 French Foley catheter 2 to 3 cm into the ure- 
thra and filling the balloon with 3 cc of water. 
The examiner's hand should be out of the imaged 
field. Air bubbles can be prevented from entering 
the urethra by simultaneously injecting contrast 
until the balloon is inflated [11]. Local anesthetic 
or lubrication is not recommended as it may cause 
mucosal edema, increased permeability, vascular 
stasis [12], or prevent the balloon from remaining 


s distally from the penoscrotal junction to the meatus. (B) RUG with 


in place with a good seal [13]. The patient is supine 
and the pelvis is obliqued 45° with the dependent 
thigh acutely flexed (Fig. 2). The study is best per- 
formed with fluoroscopic monitoring while slowly 
injecting 10 to 20 cc of contrast (sodium or meglu- 
mine diatrizoate, 30% in children and 50% to 60% 
in adults) during simultaneous exposure of the film. 


Antegrade urethrography 


Antegrade studies, including voiding cystoure- 
thrography (VCUG) or excretion micturition 
cystourethrography (EMCU) [14-16], can also 
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Fig. 2. Technique for RUG. The patient is supine with 
the dependent thigh acutely flexed and pelvis tilted 45°. 
The penis is on moderate stretch and the image obtained 
while injecting contrast. 


be used to assist in evaluation of the urethra 
before or after repair of a stricture. VCUG is per- 
formed after filling the bladder with contrast 
material through a Foley catheter, suprapubic 
tube, or suprapubic needle. Alternatively, an 
EMCU is performed after contrast material has 
accumulated in the bladder during an intravenous 
pyelogram. The bladder may also be filled with 
contrast proximal to a stricture by means of 
repeated retrograde instillations through a cathe- 
ter-tip 60-cc syringe applied to the meatus or after 
endoscopic passage of a ureteral catheter into the 
bladder. Again, the pelvis should be in a steep, 
oblique position without superimposing the ure- 
thra over the femur. In contrast to RUG, ante- 
grade studies reveal an open bladder neck and 
the verumontanum appears longer while the mem- 
branous urethra and cone of the proximal bulbar 
urethra are not seen as well. Enhanced visualiza- 
tion of the urethra may occur by performing 
“choke” cystourethrography that produces artifi- 
cial distention of the urethra by occlusion of the 
distal urethra with manual compression or place- 
ment of a penile clamp [17]. 

Voiding shots ofler the advantage of revealing 
distended proximal urethral segments or dilated 
Cowper's ducts which signify chronic high-pres- 
sure voiding related to significant distal stenosis. 
Overall, the combination of RUG and VCUG 
comprise a reliable, synergistic approach to sta- 
ging most urethral strictures. 

Despite their practicality, inherent limitations 
of the RUG and antegrade urethrograms do exist. 
Variations in patient positioning and penile trac- 
tion during imaging can greatly alter the radio- 
graphic appearance of the urethra and stenotic 


areas (Fig. 3) [18]. Stricture length in the bulbar 
urethra is often underestimated [19-22]. Multiple 
films including bilateral oblique views may be 
required [2], and no information is obtained 
regarding spongiofibrosis [23]. Eflective antegrade 
imaging may be impossible in the case of severe 
post-traumatic stricture [24]. Additionally, it may 
be misleading when evaluating strictures in the 
bulbar urethra that extend into the membranous 
urethra. This “paradoxical dilation ” can occur 
in 60% of patients and is the result of a dense stric- 
ture causing elevated pressures sufficient to dilate 
more proximal, softer scar tissue [1]. If only the 
dense aspect of the stricture is repaired, the soft 
aspect will contract after relief of the obstruction 
and result in recurrent obstruction. 


Sonourethrography 


To overcome the limitations of conventional 
radiographic techniques and better define the 


Fig. 3. Alterations in position and penile traction can 
greatly affect the appearance of the urethra during 
RUG. (A) Catheter appears coiled due to “end-on” 
view. (B) Same patient imaged in steep oblique position. 
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Fig. 3 (continued) 


extent of urethral stricture disease, McAninch et al 
first popularized the use of ultrasonography to 
image the male urethra in 1985 [25,26]. Since then, 
the technique of sonourethrography has been 
refined with the enhanced accuracy of today's 
high-resolution scanners. Sonourethrography is 
currently performed using a standard small-parts 
7.5 MHz linear array transducer that is placed 
directly on the ventrum of the penis, scrotum, 
and perineum after gel is applied. Saline is slowly 
and repeatedly instilled by means of a catheter-tip 
syringe in the urethral meatus while simultaneous, 
real-time images of the urethra are obtained 
sequentially from the pendulous urethra proxi- 
mally toward the deep bulbar area. A pseudoante- 
grade study of the proximal bulb can be obtained 
by applying firm suprapubic pressure after the 
bladder has been filled by injection of several syr- 
inges of saline or by way of a suprapubic tube. 
With distention both proximally and distally, 
stricture length is precisely delineated even when 
complete disruption or severe fibrosis of the ure- 
thral lumen is present. 

Many investigators have confirmed the accu- 
racy of sonourethrography performed in the 


above manner [19,20,27,28]. The procedure is well 
tolerated and can be used in the office or operating 
room to obtain repeated real-time assessments of 
questionable areas without radiation exposure. 
Urethral ultrasound is not necessary in most stric- 
ture patients but may afford important informa- 
tion helpful for planning reconstructive surgery 
in some patients. 

RUG consistently underestimates bulbar stric- 
ture length compared to intraoperative measure- 
ments, while sonourethrogram correlates well 
with intraoperative length [19-22,25,26,29,30]. 
Sonographic urethrography is more accurate in 
the bulbar urethra because the hand-held transdu- 
cer is positioned in the midsagittal plane directly 
perpendicular to the diseased urethral segment 
(Fig. 4A) [21]. During standard radiographic 
RUG the pelvis is commonly aligned obliquely 
with respect to the anterior—posterior radiograph 
beam. The bulbar portion of the urethra is fixed 
in the same axis as the pelvis. As a result, an 
“end-on” view of bulbar strictures is observed 
radiographically, which reduces their apparent 
length (Fig. 4B) [2,21]. The pendulous urethra, 
on the other hand, usually rests in a lateral, depen- 
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Fig. 4. (A) Sonography accurately depicts bulbar urethral stricture length because the transducer is positioned 
perpendicular to the diseased urethral segment. (B) RUG routinely underestimates length of bulbar strictures because 
this area is frequently aligned in oblique axis relative to the radiograph beam. (From Morey AF, McAninch JW. Role of 
preoperative sonourethrography in bulbar urethral reconstruction, J Urol 1997;158:1376-9.) 
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dant position during RUG, resulting in radio- 
graphic and ultrasonic images that are roughly 
equivalent in that area [18,24]. 

Although sonourethrography has shown some 
efficacy in screening for strictures [19], radiographic 
RUG should still be considered as the best first-line 
study for urethral imaging due to time and cost con- 
straints. Sonographic staging is best used adjunc- 
tively to guide treatment planning among patients 
known to have strictures on the basis of RUG. 


Sonourethrographic staging 


Short bulbar strictures 

In contrast to the pendulous urethra (where 
most strictures require onlay urethroplasty regard- 
less of length [31]), stricture length is one of the 
most important criteria used in determining ther- 
apy for the bulbar urethra [2]. Complete excision 
of bulbar strictures with primary anastomosis 
represents the optimal therapy, when possible. 
Prior to ultrasound, only strictures measuring 


1 cm or less by standard radiographic imaging were 
selected for excisional therapy [32]. Using sono- 
graphic staging about one third of men who have 
short bulbar strictures will require graft or flap 
procedures because of excessive stricture length 
not anticipated on standard radiographic studies 
(Fig. 5) [21]. With urethrosonography, adult bulbar 
strictures up to 25 mm in length can be treated by 
resection and end-to-end anastomosis. 


Complex strictures 

Many complex strictures are not uniform in 
severity and may be treated most appropriately by 
combining excision with a variety of tissue transfer 
techniques. Preoperative sonourethrography sta- 
ging helps determine focal urethral segments that 
might best be excised at the time of substitution ure- 
throplasty and whether a penile flap will be needed. 
Combining focal dorsal plate excision with a graft 
or flap is a highly effective technique that renders 
an optimal graft bed, a smooth lumen contour, 
and an extremely reliable repair [33,34]. 


Fig. 5. Accuracy of urethral ultrasound guides selection of reconstructive method for patients with short bulbar 
strictures. (A) Retrograde urethrogram shows short stricture that appears amenable to complete resection. (B) Oblique 
image suggests some complexity, previously unrecognized. (C) Sonourethrogram shows actual stricture length is 3.3 cm, 
demonstrating need for buccal graft procedure, which was successful. 
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Fig. 5 (continued) 


By enabling measurement of lumen diameter, ately wide flaps may cause sacculation in the 
sonographic staging facilitates preliminary deter- reconstructed urethral segment. By modifying 
mination of the appropriate dimensions of the the geometric formula for the circumference of a 


penile flap desired for reconstruction. Inappropri- circle, the stricture lumen size (in French) can 
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easily be estimated by multiplying 3x the sono- 
graphic diameter (D, in mm) [35]. Thus, a stricture 
diameter measuring 3 mm sonographically corre- 
sponds to about a 9 French lumen circumference. 
If a 26 French lumen is desired, the flap width (F) 
can be then be calculated by using the formula 
F=26-3D. Thus, since a 3 mm diameter corre- 
sponds to a lumen size of about 9 French, a 
17 mm flap would be appropriate to yield a 26 
French neourethra. Strictures with a lumen <2 
mm often require additional transfer techniques 
(eg, dorsal grafts or focal excision) or complete 
urethral replacement with a tubularized flap. 


Spongiofibrosis 

Stricture density (spongiofibrosis) is a critical 
determinant of appropriate therapy and ultimate 
prognosis [2]. Because spongiofibrosis is difficult 
to gauge using conventional imaging, traditional 
subjective grading systems are of marginal clinical 
utility [36,37]. The urethral wall is normally thin, 
smooth, elastic, and easily compressible during ret- 
rograde saline instillation. Spongiofibrosis appears 


sonographically as thickened, irregular, nondis- 
tensible tissue encroaching into the otherwise 
anechoic urethral lumen. Echogenicity cannot be 
used to determine spongiofibrosis because it is var- 
iable and dependent on the technical adjustments 
of the examiner. Although depth of periurethral 
fibrosis cannot be accurately distinguished ultrason- 
ically, sonourethrography allows spongiofibr 
to be objectively determined as severe by identify- 
ing posterior shadowing (Fig. 6) and by measuring 
a nondistensible lumen diameter to be <3 mm dur- 
ing maximum retrograde distention (Fig. 7) [38]. 
Both are produced by extremely dense collagen 
deposition and are best treated with resection. 
Sonourethrography has reportedly played a 
prognostic role in determining who may benefit 
from internal urethrotomy compared to open 
repair based on sonographic assessment of periur- 
ethral scarring. Merkle et al had 80% of patients 
with ultrasonic evidence of periurethral fibrosis 
develop recurrent stricture within 6 months after 
urethrotomy [39]. Color Doppler ultrasound has 
recently been utilized for detection of urethral 


AAA 


Fig. 6. Posterior shadowing during sonourethrography confirms the presence of severe spongiofibrosis. (From Morey 
AF, McAninch JW. Sonographic staging of anterior urethral strictures, J Urol 2000;163:1070-5; with permission.) 
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Fig. 7. (A) RUG underestimates the severity of stricture. (B) Sonourethrogram demonstrates an accurate stricture 
length of 17.0 mm and severe spongiofibrosis with a lumen diameter of 2.2 mm. 
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arterial position prior to optical urethrotomy [40]. 
It remains to be seen whether or not sonographic 
assessment of urethral vascular anatomy is clini- 
cally important. Further investigation with color 
Doppler may be useful to assess vascularity as 
an aid in determining whether or not a graft of 
flap should be used for reconstruction [41]. 


Repeat urethroplasty 

Patients undergoing repeat urethroplasty are 
known to be at increased risk for stricture recur- 
rence [42]. Complete preoperative endoscopic eval- 
uation of complex reoperative strictures may be 
impossible. In reoperative cases involving prior 
scrotal flap procedures hair-bearing urethral seg- 
ments may be detected sonographically. Urethral 
calculi and periurethral pathology such as abs- 
cesses, diverticulae, fistulas, and false passages 
may be visualized sonographically [18,24,43,44]. 
Preliminary sonographic staging has contributed 
substantially to favorable outcomes in this chal- 
lenging group of patients compared to outcomes 
reported in other earlier series [31,42,45]. 


Posterior urethral strictures 


Blunt trauma with pelvic fracture is the major 
source of significant posterior urethral strictures. 
Standard evaluation of posterior urethral stric- 
tures has included digital rectal exam (DRE) to 
evaluate the position and characteristics of the 
prostate along with RUG and VCUG to deter- 
mine the length of urethral injury. Unfortunately, 
information is often limited regarding the actual 
length of the urethral defect, position of the 
prostate, and the amount of fibro Flexible 
cystoscopy performed either in a retrograde or 
antegrade manner may be combined with simulta- 
neous, opposing injection of contrast to further 
assess posterior urethral defects. 

Unlike anterior urethra strictures, perineal 
ultrasound is not a reliable imaging modality 
for posterior strictures [26]. Ultrasonic images 
obtained transrectally and reconstructed into 
three-dimensional format may have some utility in 
defining posterior urethral anatomy, but experience 
is limited [46]. Magnetic resonance imaging (MRI) 
is probably the best ancillary imaging modality 
for assessing posttraumatic pelvic anatomy [47,48]. 

With MRI the patency of urethra lumen is not 
seen, but the length of prostatomembranous 
defects are accurately determined to within 5 mm 
in 85% of patients by measuring the distance 
between prostatic apex and urethral insertion into 
proximal corpus spongiosum [48]. Sagittal views 


can determine prostatic dislocation in anteropos- 
terior and superoinferior directions while coronal 
images allow evaluation of right-to-left disloca- 
tion. T2-weighted images can differentiate between 
soft tissue edema, fibrosis, and hematoma. It is 
important to point out, however, that MRI 
should not be used alone but in conjunction with 


Fig. 8. (A) Simultaneous RUG and cystogram do not 
clearly delineate length of this posterior stricture. (B) 
MRI image accurately demonstrates relation of prostatic 
apex to transected proximal bulbar urethra. 
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RUG and VCUG (Fig. 8). MRI cannot demon- 
strate extravasation, fistulous tracts, or partial 
urethra disruption and does not evaluate the com- 
petency of the bladder neck [48]. 

Narumi et al used MRI preoperatively to deter- 
mine whether a transperineal or a combined trans- 
perineal and transpubic surgical approach should 
be used [48]. MRI correctly changed the surgical 
approach in 26% of their patients. A transpubic 
approach was recommended when the prostatic 
apex is above the lower one-third of the pubic bone 
or in the event of significant lateral prostatic 
displacement. 

MRI is an important staging study for defining 
pelvic anatomy after significant crush injuries with 
urethral disruption, and it should be used in con- 
junction with RUG and VCUG to determine the 
appropriate surgical approach. 


Summary 


Imaging of the urethra for suspected stricture 
disease should initially consist of conventional 
imaging with a dynamic RUG. It is easy to per- 
form and detects clinically relevant strictures 
involving the anterior urethra and those with 
extension into the membranous urethra. Addi- 
tional studies, including antegrade imaging, sono- 
graphic urethrography, and MRI are best used in 
conjunction with RUG as clinically indicated to 
better define the extent of disease and assist in 
guiding reconstruction. Post-operatively, VCUG 
is appropriate to evaluate complete healing and 
adequacy of repair. 

Sonourethrography is a simple technique that 
provides a dynamic, precise assessment of anterior 
urethral strictures. It is best employed as a staging 
study in men with known symptomatic strictures 
in whom the need for operative therapy is clear. 
For short bulbar strictures ultrasound is more accu- 
rate in measuring stricture length than conventional 
radiographic RUG and is therefore helpful in deter- 
mining whether to excise or graft. For long or com- 
plex strictures assessment of the stricture’s diameter 
may be helpful in determining flap width or in iden- 
tifying the focal urethral segments to be excised. The 
simplicity, precision, and availability of sonogra- 
phy along with the absence of radiation exposure 
make sonourethrography a valuable staging tool 
for the reconstructive urologist. 

MRI is valuable for defining the distorted pel- 
vic anatomy that is frequently associated with 
posterior urethral strictures resulting from tra- 
uma. By determining the location of the prostate 
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and the length of the prostatomembranous defect, 
MRI may help determine whether a transper- 
ineal or transpubic approach for reconstruction 
is necessary. 
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A stricture results from injury to the urethra 
and corpus spongiosum with scar formation of 
the epithelium and deeper spongy tissue. A scar 
develops as the injury heals. Scar formation and 
subsequent healing will determine whether or not 
the urethral lumen will narrow and obstruction 
will occur. The location, length, and degree of 
stricture guide management. In the current era 
of urethral reconstruction with innovative fascio- 
cutaneous flaps and a wide range of tissues for 
grafting, stricture excision with primary anasto- 
mosis (EPA) remains the gold standard in recon- 
struction for properly selected patients. Proper 
selection, therefore, mandates careful staging of 
the stricture, clearly avoiding excision in patients 
who are best managed with tissue transfer tech- 
niques. While patient selection is limited by the 
length and location of the stricture, the generally 
excellent long-term results with EPA warrant its 
consideration in urethral reconstruction. 


Historical perspective 


Historic acceptance of this procedure has 
waxed and waned. First performed by Heusner 
[1] in 1883, initial success with stricture excision 
and sutured anastomosis was poor. Watson and 
Cunningham [2] reviewed 13 patients in 1908 more 
than 1 year after surgery and found only five pa- 
tients who had satisfactory results. In 1895 Rochet 
[3] recommended urinary diversion in conjunction 
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with stricture surgery. Applied by Marion [4] in 
1912 and Heitz-Boyer [5] in 1922, excision of the 
traumatized segment, end-to-end anastomosis, 
and suprapubic cystostomy improved long-term 
success with stricture surgery. Success by 
European surgeons like Marion and Heitz-Boyer 
inspired continued efforts to apply this approach 
to urethral stricture despite opposition by their 
United States counterparts, who favored urethro- 
tomy [6]. 

As techniques in urethral reconstruction pro- 
gressed with graft and flap development, more 
urologists became familiar with urethral anatomy 
and gained confidence in managing longer stric- 
tures with open surgery. Worry over the excision 
of unmanageable urethral length during EPA 
diminished. Fueled by concerns over long-term 
success rates [7] with optical urethrotomy since 
its description by Sachse [8] in 1972, EPA con- 
tinues to have a well-established role in urethral 
reconstruction. 


Patient evaluation 


Selecting the proper patient for EPA requires a 
complete evaluation with physical examination, 
endoscopy, and radiographic studies. Patients 
undergo a complete history and physical examina- 
tion. Co-morbid medical conditions that might 
impact on wound healing, surgical position, and 
the tolerance of surgical stress are defined. Prior 
surgical intervention is outlined with respect to 
alterations in normal vascular patterns, impact 
on the corpus spongiosum, and the integrity of 
continence mechanisms. A physical examination 
evaluates available tissue for reconstruction from 
the genitalia, mouth, and non-hirsute skin. Palpa- 
tion of the urethra and visual inspection might 
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reveal dense fibrosis, inflammation, or fistula for- 
mation. Radiographic evaluation routinely in- 
cludes retrograde urethrography and voiding 
cystourethrography, which accentuates both the 
proximal and distal extent of the stricture, and is 
usually followed by cystourethroscopy to further 
define the nature of the stricture. The “gray ure- 
thra” described by Turner-Warwick [9] suggests 
urethral injury and the propensity to stricture. 
In some cases higher voiding pressures proximal 
to the stricture cause hydrodilation with progres- 
sion of stricture, which is not always apparent 
on radiographic studies. Antegrade visualization 
through a suprapubic tract (when available) or 
urethral rest for 3 months if possible by supra- 
pubic diversion might be necessary to better eval- 
uate the proximal urethra in select cases. 


Anatomic considerations 


EPA is limited by several critical factors related 
to the nature of the stricture and urethral anatomy. 
Urethral length is relatively fixed in the pendulous 
urethra. The innate elasticity of the corpus spong- 
iosum is devoted to elongation during erection. 
Reduction of length from this segment of the ure- 
thra can lead to chordee during erection. The bul- 
bar urethra lacks this constraint. The natural bow 
of the bulbar urethra and separation from the cor- 
poral bodies as they divide in the perineum allow 
adequate redundancy for segmental urethrectomy 
and mobilization. To establish an oblique anasto- 
mosis by spatulation of the transected urethral 
ends, a typical excision will be 2 cm or less for a 
stricture between the suspensory ligament and the 
membranous urethra. On rare occasions a longer 
stricture can be excised. The closer the abnormal 
segment to the membranous urethra, the greater 
the length that can be removed. This technique is 
therefore limited to strictures of the bulbar urethra. 
A pendulous stricture can be repaired with this 
method in selected impotent patients only. 

Blood supply to the corpus spongiosum and 
urethra comes from branches of the internal 
pudendal artery. One branch, the common penile 
artery, sends branches to the proximal urethra as 
the bulbar and urethral arteries. In addition, a 
dual blood supply to the proximal urethra comes 
from the circumflex arteries, lateral branches of 
the deep dorsal artery, and perforating branches 
from the cavernosal arteries that enter the corpus 
spongiosum dorsally. The dual blood supply is 
maintained at the distal corpus spongiosum by 
the dorsal artery’s terminal union with the erectile 


tissue of the glans. This relationship allows the 
urethra to be excised without jeopardizing its 
blood supply in most cases. 


Patient selection 


The success of EPA relies on careful patient 
selection. From a strict anatomic perspective, only 
short strictures (<2 cm) located between the sus- 
pensory ligament and the membranous urethra 
are amenable to excision. The decision to proceed 
with EPA is not based on the nature of the stric- 
ture alone, however; patients are faced with the 
decision between stricture management using dila- 
tion or urethrotomy and curative surgery. Multi- 
ple studies have demonstrated poor success with 
repeated urethrotomies [7,10,11]; patients who fail 
a single urethrotomy should be given strong 
consideration for reconstruction. In addition, pre- 
viously reconstructed patients should be con- 
sidered carefully for EPA over concerns of 
adequate blood supply to the corpus spongiosum 
from possible disruption of the dual blood supply 
during previous operations. Finally, patients must 
be able to tolerate anesthesia and surgical inter- 
vention. All patients are counseled on the possibil- 
ity of conversion to a substitution urethroplasty in 
the event that the urethral stricture is longer than 
expected. 


Surgical technique 


Successful surgery for urethral stricture relies 
on adequate exposure of the affected area, meticu- 
lous tissue handling to reduce unnecessary trauma, 
and a well-considered surgical plan. Patients 
presenting for surgery undergo a complete pre- 
operative physical examination including electro- 
cardiogram, chest radiograph, blood work, and 
necessary consultations based on age and co- 
morbid medical conditions. A urinalysis and urine 
culture with sensitivities is obtained. Symptomatic 
urinary tract infection requires treatment and 
delays surgery. Evidence of bacterial colonization 
of the urine, found commonly in patients with 
suprapubic catheter drainage, mandates broad- 
spectrum antibiotic coverage for 24 hours before 
surgery and is usually continued for 72 hours into 
the post-operative period until a negative urine 
culture is obtained. Suppressive antibiotic cover- 
age is not usually necessary and should probably 
be avoided to prevent yeast infection. Patients 
who lack evidence of urine bacteria receive a 
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single dose of broad-spectrum antibiotics before 
surgery that is carried for at least 24 hours into 
the post-operative period. 

Adequate surgical exposure is critical to suc- 
cessful reconstruction. The exaggerated lithotomy 
position is an excellent approach to access the per- 
ineum. While many urologists use a vertical mid- 
line incision to approach the bulbar urethra, a 
lambda incision or inverted “Y” incision offers 
excellent exposure. The incision is carried down 
to the ventral midline fusion of the bulbocavern- 
osus muscle, which is divided to expose the bulbo- 
spongiosum (Fig. 1). An avascular plane can be 


entered just distal to the fused muscle directly on 
Buck’s fascia, which exposes the corpus spong- 
iosum to the level of the penoscrotal junction. 
Mobilization of the urethra from the penoscrotal 
junction to the membranous urethra allows for 
excision and anastomosis without tension. Mobili- 
zation beyond the suspensory ligament (penoscro- 
tal junction) increases the risk of post-operative 
chordee. 

Inherent in this approach are the risks of 
the exaggerated lithotomy position, which are 
more commonly seen in longer, more complex 
operations than in simple EPA. In a review by 


Fig. 1. (A) Exposure of the fused bulbocavernosus muscle can be accomplished by a lambda incision over the perineum. 


(B,C) Opening the bulbocavernosus muscle in the ventral midline allows circumferential di 


ction of the corpus 


spongiosum of the bulbar urethra, (D,E) Separation of the proximal bulbar urethra from the perineal body allows exposure 


of even the most proximal strictures, 
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Angermeier [12] of 177 patients using exaggerated 
lithotomy for a variety of often more complex 
urethral reconstructions, 35 procedures resulted in 
36 lower extremity complications. The most com- 
mon complication was peroneal nerve neuropraxia, 
which occurred in 15.8% of procedures due to the 
vulnerable path this nerve courses around the head 
of the fibula in the lateral lower leg. Other compli- 
cations of this position include back pain, lower 
leg compartment syndrome, deep venous throm- 
bosis, and pulmonary emboli. Prevention of these 
complications starts with careful attention to posi- 
tioning. The legs are suspended with weight of the 
lower extremities shared between the back and the 
top of the foot. Care is taken to avoid pressure on 
the muscle groups of the calf and the head of the 
fibula. The feet are kept even and well padded to 
avoid rotation or pressure spots. The back is sup- 
ported by flexing the lower table to form a seat, 
upon which the buttocks can rest. The seat is also 
well padded, and a roll is inserted under the 
lower back at the vulnerable area of maximum 
curvature. 

Complete mobilization of the urethra might 
not provide adequate mobility to complete a 
tension-free, spatulated anastomosis following 
stricture excision. It might be necessary to detach 
Buck’s fascia from the distal urethra in the area 
just proximal to the penoscrotal junction. In addi- 
tion, division of the triangular ligament in the in- 
tracural space can reliably seat the urethra deeper 
in the perineum, thereby reducing the distance 
traveled by the shorter bulbar urethra following 
stricture excision. The bulb of the urethra can be 
freed from the perineal body, allowing it to hinge 
forward to decrease tension (Fig. 2). This proce- 
dure can and should be done without injury to 
the bulbar arteries that enter the urethra more 
proximal to this area to preserve the dual blood 
supply to the urethra. More complex methods to 
gain length in the perineum are generally not indi- 
cated for an EPA when tissue transfer techniques 
are more appropriate. 

Identification of the stricture intraoperatively 
can be determined by flexible urethroscopy, pas- 
sage of a medium-sized catheter (16 French), or 
the use of bougie à boule. Visual identification 
reduces the risk of inadvertent trauma to the ure- 
thra or blunt dilation of the stricture, which might 
complicate the repair. The urethra is transected at 
the level of the stricture using the retrograde ure- 
throgram and endoscopically-identified location 
as a guide. Vascular bulldog clamps can be used 
to reduce bleeding from the proximal urethra dur- 


Fig. 2. Shortening the distance between the transected 
ends of the bulbar urethra can be accomplished by 
hinging the urethral bulb dorsally after freeing its 
attachments to the perineal body. 


ing this part of the operation. Abnormal urethral 
mucosa and spongiofibrosis is excised, preserving 
all healthy corpus spongiosum. Endoscopic eval- 
uation of the proximal urethra is completed after 
stricture excision. Failure to remove all abnormal 
urethra is the primary cause of surgical failure and 
stricture recurrence. In addition to complete exci- 
sion, adequate spatulation of the urethral ends is 
important. The oblique suture line obtained after 
spatulation reduces the effect of wound contrac- 
tion on the luminal diameter during healing. The 
transected urethra is spatulated for 1 to 2 cm 
on both ends, dorsally on the proximal end to 
improve visualization of the mucosal apex and 
ventrally on the distal end. The urethra should 
accept a 30 French Acorn bougie á boule and 
appear normal during endoscopy. 

Anastomosis is completed in a modified 
single layer, alternating 4-0 polydioxanone (PDS) 
and 4-0 poliglecaprone 25 (Monocryl) sutures 
(Ethicon, Somerville, NJ) (Fig. 3). The suture is 
passed selectively through the mucosa first. After 
re-grasping the needle, it is then passed through 
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(A) Complete excision of the urethral stricture 
and fibrotic corpus spongiosum is necessary for successful 
repair. (B) Spatulation of the proximal urethra dorsally 
and the distal urethra ventrally ensures an oblique 


and reduces the risk of recurrent stricture 
from contraction at the anastomosis. (C) A single-layer 
closure can be completed by incorporating the mucosa 
and the outside layer of the corpus spongiosum separately 
on both sides of the transected urethra. 


the outside layer of the corpus spongiosum. This 
technique appears to evert the edges with greater 
epithelial coaptation and is most critical on the ven- 
tral aspect of the urethra, where the spongiosum is 
more robust due to the eccentric course of the ure- 
thra in the bulb. The alternating sutures allow easy 
identification when tied. Two surgeons tie opposing 
sutures simultaneously to even tension across the 
anastomosis. A total of 10 to 12 mucosal sutures 
are completed, and all are put in place before tying. 
Both polydioxanone (PDS) and poliglecaprone 25 
(Monocryl) have a low coefficient of drag, which 
reduces tissue trauma. The adverse effect of urine 
on these synthetic monofilament sutures [13] war- 
rants urinary diversion in most cases, however. 
Prior to complete closure a 14 French silicone 
catheter is inserted under direct vision. In general, 
a percutaneous cystostomy is performed using the 
Hurwitz introducer prior to positioning in the 
lithotomy position. Its placement is confirmed dur- 
ing intraoperative cystoscopy with the urethra 
open. Drains are generally left adjacent to the 
repair below the bulbocavernosus muscle and in 
the subcutaneous tissue of the perineum (Fig. 4). 


Surgical outcomes 


There are ample data demonstrating the effec- 
tiveness of excision and primary anastomosis 
for urethral stricture. A summary of major series 


Fig. 4. Radiographic staging of a bulbar urethral stricture is completed by retrograde urethrography (A) and voiding 
cystourethrography (B). A post-operative voiding cystourethrogram (C) demonstrates the excellent result from excision 


with primary anastomosis. 
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Fig. 4 (continued) 


reported in the literature is presented in Table 1. 
These results have been edited to include only 
data from anterior urethral strictures treated with 
excision and primary anastomosis, but not poste- 
rior urethral injuries, which are often included in 


these reports. Combined, these series show a suc- 


cess rate of 93% in 443 patients with a range of 


65% to 100% between series. Failures have gener- 
ally been defined as the need for additional 
instrumentation, including dilation, endoscopic 
treatment, or open surgery, and have generally 
occurred within the first year after surgery. Sev- 
eral studies have used the flow rate or appearance 
on radiographic study as discriminating criteria, 
often between results considered “good” and 

excellent.” To improve comparability, patients 


who require additional instrumentation were not 
included as “successful” in (see Table 1). Most se- 
ries combined both pendulous and bulbar strictu- 
res, with the series by Martinez-Piñeiro [14] having 
the greatest number of non-bulbar strictures (11 
of 69). The EPA’s preponderance occurred in the 
bulbar urethra, however. Stricture length was 
consistently <2 cm, the rate of failure increasing 
with stricture length. In most series that looked 
at consecutively treated strictures the number 
amenable to EPA was small [15-17]. This might 
result from 1) the large number of patients who 
have short strictures that are managed by endo- 
scopic techniques, and 2) the severity of stricture 
in patients referred to larger centers for recon- 
structions. This information raises concern over 
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Table 1 
Review of excision and primary anastomosis for anterior urethral stricture in the literature 
Series No. patients Ave. length Failures % Success Follow-up 
McCammon [19] 124 1.87 cm 3 97.6 E 
Barbagli [15] 20 <2 cm 1 95 54.5 mo 
Jessen [22] 4 > 0 100 = 
Azoury [23] 13 Short 1 92 >12 mo 
Panagakis [24] 42 <2 cm 2 95.2 3-72 mo 
Rosen [25] 37 es 2 94.6 = 
Lindell [16] 49 <2.5 cm 2 95.9 12-48 mo 
Jakse [18] 60 1-4 cm 4 93.3 45 mo 
Webster [17] 5 - 0 100 >12 mo 
Roehrborn [26] 20 <2.0 cm 7 65 z 
Martinez-Peñeiro [14] 69 <3.0 cm 8 88 44.4 mo 
Total 443 30 93.2 


stricture progression with repeated endoscopic 
management. 

Early complication rates are low, ranging 
between 7% and 10% when reported [14,18,19]. 
These infrequent complications include urinary 
tract and wound infection, chordee, and perineal 
hematoma. In the authors’ series of 124 patients 
[19] erectile dysfunction occurred in only 2 pa- 
tients. The authors do not currently test erectile 
function preoperatively unless such a test is indi- 
cated for other reasons. While transient complica- 
tions are common with the exaggerated lithotomy 
position, long-term problems have not been seen in 
EPA patients. In general, not only is EPA highly 
successful, it is a well tolerated surgical procedure. 

There is no clear consensus on stricture etiol- 
ogy and the success rate with respect to EPA. It 
is believed, however, that inflammatory strictures 
are more extensive, generally involving more of 
the urethra and corpus spongiosum, and are less 
likely to yield a successful result. Lindell [16] 
reported the highest failure rate in patients with 
strictures, which was related to prolonged indwel- 
ling catheter drainage. To some degree failure rates 
must represent the overall health of these patients 
and their ability to heal. Most would avoid EPA 
in the stricture with severe periurethral fibrosis 
or fistula formation, though few would be short 
enough to adequately excise and obtain a ten- 
sion-free anastomosis. 

Most series include a substantial number of 
patients who had previous open or endoscopic 
management prior to EPA. In a series of failed 
anterior urethroplasties with subsequent recon- 
struction, Morey et al [20] reported on 13 patients 
with short bulbar strictures <3 cm, 11 of which 
were treated with EPA with excellent results. In 


a separate series Wessells et al [21] reported suc- 
cessful EPA in 4 of 5 patients who had a mean 
stricture length of 2.1 cm in conjunction with an 
onlay circular fasciocutaneous flap in a separate, 
distal segment of the urethra. 


Conclusion 


Excision with spatulated primary anastomosis 
is a well-tolerated, highly successful reconstructive 
option for short bulbar urethral strictures in 
patients with minimal fibrosis of the corpus spong- 
iosum. Success can be obtained in 90% to 95% of 
appropriately selected patients with urethral stric- 
ture. Failure with this reliable method is caused 
by inadequate excision of urethral stricture and 
incomplete mobilization of the urethra with exces- 
sive anastomotic tension. The surgeon should 
convert an EPA to excision with some form of 
substitution urehtroplasty without hesitation if 
there is any concern about inadequate excision 
of the stricture. Short-term complications, which 
include wound and urinary tract infections, occur 
infrequently and are usually managed easily. Prob- 
lems with chordee and erectile dysfunction are 
reported uncommonly. Previous procedures or 
concurrent reconstruction of separate urethral 
stricture does not exclude this surgical option. 
EPA warrants strong consideration as a first-line 
treatment for appropriate strictures due to its 
excellent and durable long-term success rate. 
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Techniques of anterior urethroplasty have 
evolved over the last 40 years due to advances in 
tissue transfer techniques and the changing etiol- 
ogy of urethral stricture. The use of free grafts 
has come full circle from full-thickness skin grafts 
described in 1963 by Devine et al [1] to the current 
popularity of buccal mucosa grafts [2-6]. Grafts 
fell out of favor due to poor results with full-thick- 
ness skin grafts and the more widespread use of 
pedicle flaps [7-11]. Although controversy still 
exists regarding the appropriate use of flaps versus 
grafts, the evidence does not demonstrate an 
advantage in outcomes; overall success rates for 
grafts and flaps are similar (84.3% and 85.9%, 
respectively) [12]. Nevertheless, grafting tech- 
niques are now considered first-line therapy for 
the majority of strictures that cannot be excised 
and re-anastomosed. 

Success rates of free grafts vary from 50% to 
97% [6-8,13,14]. A better understanding of the 
limitations and contraindications of free graft ure- 
throplasty has led to improvement in outcomes. 
The use of extragenital skin [14] and attempts to 
graft extremely fibrotic and very long strictures 
has led to high failure rates. Other factors that 
contribute to the success or failure of free grafts 
include stricture location in the penile urethra, 
patient age, prior operations, and the presence 
of spongiofibrosis [7,15]. The donor site does not 
appear to predict which patients will have poor 
outcomes [15], although no prospective random- 
ized comparison of full-thickness skin and buccal 
mucosa grafts has been carried out. 
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The most important determinant of successful 
free graft urethroplasty is the quality of the graft 
bed [12]. Strategies to optimize graft take in the 
urethra include (1) limiting the use of grafts to 
the well-vascularized bulbar urethra, (2) using 
buccal mucosa grafts, and (3) placing the graft 
dorsally on the tunica albuginea of the penis [16]. 

Barbagli et al [17] and Iselin and Webster [18] 
have advocated dorsal free grafts for the following 
theoretical reasons: less bleeding, better graft take, 
and reduced incidence of diverticulum formation. 
Ventral onlay urethroplasty provides easy expo- 
sure of the stricture, an excellent graft bed, and 
long-term, stricture-free outcomes equal to dorsal 
onlay, however. This paper reviews the author’s 
technique and results with penile skin and buccal 
mucosa ventral onlay free grafts for urethral stric- 
ture disease. 


Patients and methods 
Indications 


Patients who have symptomatic urethral stric- 
tures are evaluated with a detailed history docu- 
menting etiology, prior procedures, completion 
of the International Prostate Symptom Score 
(IPSS), and physical examination with attention 
to the presence or absence of the foreskin, identi- 
fication of prior surgical scars, and health of the 
oral mucosa. Urinalysis and culture allow identifi- 
cation and treatment of urinary tract infection 
prior to surgery. Uroflowmetry and residual urine 
measurement are noninvasive sources of informa- 
tion on voiding dynamics. Stricture length and 
location are determined with retrograde urethro- 
graphy and voiding cystourethrography. Current 
indications for free graft reconstruction include 
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bulbar urethral stricture >2.5 cm in length, the 
presence of balanitis xerotica obliterans (BXO), 
and absence of suitable penile skin for other 
complex urethral reconstructions [19]. When a 
patient presents with an indwelling Foley catheter, 
repeat radiographic evaluation is recommended 
after a 4- to 6-week catheter-free interval. If a 
patient develops urinary retention in the interim, 
a percutaneous suprapubic tube is placed to avoid 
further instrumentation. 


Techniques 


Prophylactic antibiotics are administered to 
cover gram-negative organisms and oropharyn- 
geal flora. General anesthesia is required due to 
positioning considerations and in cases of buccal 
grafts. Nasal intubation is not necessary unless a 
very long stricture requires bilateral cheek harvest 
sites. Although some researchers advocate graft 
harvest in conjunction with an oral surgeon [4], 
urologists can easily learn the technique. A two- 
team approach does reduce operative time slightly. 

The mouth and perineum are prepared with 
betadine solution and the patient is placed in the 
high lithotomy position to ensure adequate access 
to the proximal bulbar urethra. The corpus spon- 
giosum is exposed by dividing the bulbospongio- 
sus muscle with a midline perineal incision. A 
self-retaining retractor greatly facilitates exposure. 
Using sharp dissection, the anterior surface of the 
corpus spongiosum is freed from the overlying 
muscle. Complete circumferential mobilization is 
not necessary for a ventral onlay technique, thus 
preserving arterial and venous connections to 
the corpora cavernosa. 

The distal extent of the stricture is identified by 
gently passing a 20 French catheter until it meets 
resistance. Stay 4-0 sutures are placed parallel to 
the urethra at the level of the catheter tip. Using 
a 15 blade the corpus spongiosum is incised in 
the ventral midline until the catheter tip and ure- 
thral lumen are exposed. The stricture is then 
incised along its entire length by extending the 
urethrotomy proximally. A fine pair of forceps 
or occasionally a lachrymal duct probe placed 
within the lumen assists in exposure and incision. 
Full-thickness stay sutures are placed at close 
intervals for hemostasis and aid later in identifica- 
tion of the mucosal edges for anastomosis. Once 
the entire stricture has been incised, the length 
and width of the remaining urethral plate are mea- 
sured. Preservation of the urethral plate allows 


use of an onlay technique, which has superior out- 
comes compared to full circumferential replace- 
ment of the urethra. Thus, if a portion of the 
stricture is extremely fibrotic or narrow, excision 
of that portion of the stricture and dorsal re- 
anastomosis should be performed in conjunction 
with grafting (Fig. 1) [20]. Proximal and distal cali- 
bration of the urethra with bougie-a-boules is 
critical for identifying any residual narrowing. A 
cystoscopy is performed to inspect the bladder. 
A buccal mucosa or penile skin graft is then har- 
vested. For buccal grafts a 6-cm segment can be 
taken from each inner cheek. Briefly, 3 stay sutures 
are placed at the lateral aspect of the mouth and a 
Jennings cheek retractor is placed to open the 
mouth widely. The graft is marked out (Fig. 2) 
taking care to identify and preserve Stinson’s duct. 
The graft edges are then sharply incised with a scal- 
pel. No epinephrine is required. The graft is dis- 
sected from the buccinator muscle with scissors 
and placed in saline. Any bleeding points are cau- 
terized. The defect is closed primarily with running 
or interrupted 3-0 chromic suture and a sponge is 
placed in the mouth until the end of the procedure. 
For full-thickness skin an appropriately sized graft 
is marked out from the distal non-hair-bearing 


Fig. 1. Ventral onlay free graft anastomosis after 
excision of a focally dense stricture and re-approxima- 
tion of the urethral plate dorsally with interrupted 
sutures. (From Wessels H, Morey AF, McAninch JW. 
Single stage reconstruction of complex anterior urethral 
strictures: Combined tissue transfer techniques. J Urol 
1997;157:1271-7.) 
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Fig. 2. Buccal mucosa donor site preparation. 


portion of the penis and is excised. The defect is 
closed primarily with absorbable sutures. 

Graft take depends on the ability of the graft 
to imbibe nutrients for 24 to 48 hours, until 
inosculation by the neovasculature from the graft 
bed takes place. Thus, all fat and muscle must be 
meticulously removed from the graft. A silicone 
block and 28-gauge needles are used to stretch out 
the graft and allow complete de-fatting (Fig. 3). 
Spring-handled microdissecting scissors greatly 
facilitate this portion of the procedure. 

The graft is trimmed to its appropriate size. A 
30 French urethral lumen is desirable, so in gen- 
eral the author uses a 2-cm-wide graft. One end 
of the graft is anastomosed to the proximal apex 
of the urethrotomy and running 6-0 absorbable 
monofilament is used to complete a watertight 
anastomosis along each side of the graft. Tacking 
chromic sutures can be used to lay the graft into 
position prior to anastomosis. The proximal 
lumen is calibrated with bougies to ensure an ade- 
quate lumen, and a 16 French urethral catheter is 
placed prior to closing the distal portion of the 
urethra. After completion of graft suturing the 
corpus spongiosum is closed over the graft with 
interrupted 4-0 absorbable sutures (Fig. 4). The 


bulbospongiosus muscle is re-approximated and 
Colles’ fascia and the skin are closed with inter- 
rupted absorbable sutures. Fluff dressings and 
an athletic supporter dress the wound. 


Post-operative care 


Patients may resume a regular diet by the next 
morning and can be discharged within 24 hours. A 
voiding cystourethrogram is performed at 3 weeks 
in conjunction with catheter removal and replaced 
if extravasation is noted. Standard follow-up in- 
cludes IPSS, uroflowmetry, and radiographic eva- 
luation at 3 months and 1 year. The author defines 
success as normal voiding without the need for 
instrumentation or dilation and no evidence of 
stricture on urethrography [15]. 


Results 


Of 35 patients with a minimum of 3 months of 
follow-up, all but two underwent ventral onlay free 
graft urethroplasty between 1984 and 1994 [15]. 
Results, with a mean follow-up period of 23 
months, are shown in Table 1. Overall, 86% of 
repairs were successful, although two patients 
required a single urethrotomy to achieve a suc- 
cessful result. Risk factors for failure were iden- 
tified and included long strictures, strictures of the 
penile urethra, and older patient age. The graft do- 
nor site did not predict outcomes with statistical 
significance. 

The author’s results with free grafts led to the 
use of this technique as first-line therapy for long 
strictures located within the bulbar urethra. 
Table 2 shows no significant difference in outcomes 
for buccal mucosa and skin grafts in this selected 
population (P > 0.05). The overall success rate is 
92.3%. Graft failures occurred in one patient with 
an ischemic stricture and in two patients who had 
failed prior urethroplasties. Buccal mucosa has 
been used more often than penile skin since 1995, 
but no evidence exists to suggest that full-thickness 
penile skin is an inferior graft choice. 

Excision of a portion of the stricture with re- 
anastomosis of the urethral plate and ventral free 
grafting yields results similar to the author’s over- 
all population. Nine buccal and three penile skin 
grafts were performed with only one failure 5 years 
after a penile skin graft (91.6% success). No buccal 
mucosa grafts have failed in this cohort. 

The use of free grafts in combination with a 
distal penile skin flap has allowed single stage 
reconstruction of a selected population of men 
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Fig. 3. De-fatting a buccal mucosa graft on a board. The author now uses a silicone block, which can be sterilized. 


with more complex strictures. A bulbar ventral 
free graft and penile fasciocutaneous flap were 
used in 10 patients with panurethral strictures 
(mean length 18 cm). By placing the graft proxi- 
mally in the bulbar urethra, graft coverage with 
spongioplasty was possible in each case. Two of 
these patients have developed meatal stenosis 
requiring dilation, but none have restrictured the 
proximal portion of the repair. 

Complications related to free grafts have been 
minor. Position-related complications occurred in 
four patients, including transient brachial plexo- 
pathy and lower back complaints in two patients 
each. No patients required a transfusion. One 
patient, in whom the author harvested buccal 
mucosa from the lower lip, developed a slight 
deformity as a result of the donor site closure. 
One fistula occurred in a patient who underwent 
a distal reconstruction, but no fistulae occurred 
in the patients who underwent spongioplasty, 
nor has significant sacculation been noted on 
post-operative radiographic studies (Fig. 5). Spon- 
gioplasty allows a smooth transition of the lumen 
from grafted repair to native urethra, thus prevent- 
ing diverticulum formation. 


Discussion 


Success rates for bulbar urethroplasty now 
exceed 90%. The author’s outcomes with buccal 
mucosa free graft ventral onlay (94%) compare 
favorably with results of dorsal onlay urethro- 
plasty reported by other centers. Pansadoro et al 
[21] reported a 96% success rate predominantly 
with buccal mucosa; Iselin and Webster [18] and 
Barbagli et al [16] had success rates of 97% and 
92%, respectively, using penile skin. With longer 
follow-up periods these outcomes would be 
expected to worsen. Nevertheless, for durable 
results the dorsal onlay offers no advantage over 
the ventral approach. 

The technical advantages of ventral onlay are 
considerable. Strictures are easily visualized. The 
lumen is clearly delineated with urethrotomy, 
allowing the surgeon to identify mucosal edges, 
measure the size of the plate, carry out a water- 
tight anastomosis, and, if necessary, excise 
portions of the stricture and perform dorsal 
re-anastomosis. 

The choice of donor site for ventral free graft 
urethroplasty is controversial. The author’s results 
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Fig. 4. Closure of the corpus spongiosum over the graft 
to optimize graft take and support the graft. 


with genital skin and buccal mucosa are not sig- 
nificantly different. While recent retrospective 
reviews of buccal mucosa grafts have higher suc- 
cess rates than earlier studies using penile skin, 
improved case selection might play a role. In the 
presence of a healthy corpus spongiosum, ventral 
placement of a free graft will have a high success 
rate regardless of the donor site. Spongiofibrosis, 
advanced age, and infection lead to higher failure 
rates [22]. 

The author’s strategy in the suboptimal bulbar 
urethral graft bed has been to use buccal mucosa, 


Table 1 
Results of 35 free graft urethroplasties by donor site 
Site No. success No. failure 
Bladder 2 0 

Buccal mucosa 7 0 

Penile skin 16 2 
Preputial skin 5 3 


Data from Wessells H, McAninch JW. Use of free 
grafts in urethral stricture reconstruction. J Urol 1996; 
155:1912-5. 


Table 2 
Results of 39 ventral onlay urethroplastics* 

Donor site No. success No. failure 
Buccal mucosa 17 1 
Penile/preputial skin 19 2 


è All strictures were located in the bulbar urethra. 
Fisher's exact test P > 0.05. 


which, as a result of its unique lamina propria vas- 
cular network, might be more resistant to poor 
graft bed characteristics. Only in the most unfa- 
vorable conditions will the author opt for a skin 
flap in the bulbar urethra. Advocates of the dorsal 
onlay method approach the same problem by try- 
ing to enhance graft take by altering the graft bed. 
No animal studies have yet been carried out to 
compare these two techniques in a controlled set- 
ting, however. In addition, many patients under- 
going urethroplasty have undergone repeated 
internal urethrotomy, usually at the dorsal 12 
o'clock position, which might impair graft take 
in the dorsal position. 

The optimal location for placement of a graft is 
debatable. Midline ventral urethrotomy is equally 
likely to disturb the spongiosal arteries as the dor- 
sal approach. The number and site of the urethral 
arteries vary among individuals. Chiou et al [23] 
have found that in the bulbous urethra the arteries 
are at the 1 o’clock to 2 o’clock positions in 14% 
of cases, 3 o'clock to 4 o’clock in 22% of cases, 5 
o'clock to 6 o’clock in 17% of cases, 7 o’clock to 8 
o’clock in 18% of cases, 9 o’clock to 10 o’clock in 
18% of cases, and 11 o’clock to 12 o’clock in 11% 
of cases. Thus only intraoperative color Doppler 
ultrasonography would allow the surgeon to 
choose the approach least likely to disturb the vas- 
cularity of the graft bed. In addition, collateral 
arterial and venous channels between the caverno- 
sum and spongiosum have been described; the 
ventral approach leaves these undisturbed and 
thus might cause the least disruption of spongiosal 
circulation [24]. 

Ventral onlay has been criticized because of 
excessive blood loss and a high incidence of diver- 
ticulum formation. With a healthy spongiosum 
bleeding is expected. Stay sutures that compress 
the urethral plate are effective in controlling bleed- 
ing, however, and to date no patient who has 
undergone ventral onlay urethroplasty has 
required a transfusion. Symptomatic sacculation 
of the urethra and diverticulum formation have 
not been reported in the author’s patients who 
have undergone ventral onlay urethroplasty. All 
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Fig. 5. (A) Preoperative urethrography demonstrating a dense bulbar urethral stricture. (B) Post-operative result after 
excision of a portion of the stricture, dorsal re-approximation, and 4.5 cm buccal mucosa graft. 


H. Wessells | Urol Clin N Am 29 (2002) 381-387 387 


patients undergo retrograde urethrography at 3 
weeks and 3 months after surgery, which would 
identify such complications. Although minor 
irregularities have been noted, the spongioplasty 
provides excellent support for the graft and allows 
for near-normal voiding with normal flow rates. 
Limitations to ventral onlay urethroplasty 
include severe spongiofibrosis due to prior failed 
urethroplasty or pelvic irradiation and strictures 
of the distal penile urethra. Spongiosum is not 
abundant, and spongioplasty is difficult to 
achieve. In these cases a penile skin flap, staged 
procedure, or potentially dorsal onlay is indicated. 


Conclusions 


Ventral onlay free graft urethroplasty has 
excellent intermediate term stricture-free rates. 
In the bulbar urethra, buccal mucosa and penile 
skin have success rates >90%. Complete tubular- 
ized grafts should be avoided. The low incidence 
of complications, absence of diverticulum forma- 
tion, and ease of anastomosis make ventral onlay 
free graft urethroplasty the author’s first-line 
reconstructive approach in bulbar urethral stric- 
tures that cannot be excised and re-anastomosed. 
Strictures of the penile urethra or an extremely 
compromised bulbar graft bed might benefit from 
skin flap procedures or staged grafting techniques. 
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Dorsal graft urethroplasty represents a natural 
evolution of previous steps in urethral surgery, 
outlined as follows. 


Principles of the buried skin strip as suggested 
by Duplay, Davis, Traut, and Browne: strips 
of epithelial tissue survive and form a tube 
when buried in the abdominal wall over a 
splinting urethral catheter [1,2] 

Experimental and clinical studies on urethral 
regeneration according to Weaver, Schulte, 
and Moore: the regeneration of an entire ure- 
thra over a splinting catheter is possible with 
3 to 4 weeks [2-4] 

Urethral reconstruction using a full-thickness 
skin graft as a patch onlay as popularized by 
Devine et al [5] 

e Dorsal urethral widening as suggested by 
Monseur: a wide longitudinal urethral opening 
is made on the dorsal urethral surface and 
the edges of opened urethra are sutured to the 
corpora cavernosa [6]; the technique could 
be likened to a spread-fixed “dorsal Denis 
Browne” technique as reported by Jordan [7] 


. 


In 1995 to 1996 the authors described a new 
dorsal onlay graft urethroplasty [8-10]. An exter- 
nal longitudinal urethrotomy is created into dor- 
sal urethral surface and is primary grafted with 
a full-thickness skin graft. The graft (preputial 
skin or buccal mucosa) is spread and anchored 
onto the under surface of the corporal bodies, 
overlying the dorsally incised stricture, which 
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offers a more secure bed and improves the chance 
of neovascularization [11]. This procedure has 
been greeted with enthusiasm in Europe and 
United States [7]. 


Surgical techniques 


The bulbar urethra is completely mobilized 
from the corpora cavernosa and rotated 180° 
(Fig. 1). The strictured tract is opened along its 
dorsal surface (Fig. 2). An ovoid free preputial 
skin or buccal mucosa graft is spread and sutured 
to the tunica albuginea using interrupted stitches 
(Fig. 3). The right mucosal margin of the opened 
urethra is sutured to the right side of the patch 
graft and the urethra is rotated back to its original 
position (Fig. 4). The left urethral margin is 
sutured to the left side of the patch graft and the 
grafted area is covered entirely by the urethral 
plate (Fig. 5). A 16 Ch Foley catheter is left in 
place. 

In patients with obliterative strictures, accord- 
ing to degree of spongiofibrosis the urethra is 
completely transected at the level of the stricture 
and part of urethral scar or disease is removed. 
The proximal mucosal edge is spatulated and 
splayed over the corpora cavernosa and the distal 
urethra is opened dorsally (Fig. 6). The graft (free 
or pedicled) is sutured to the tunica albuginea, 
and its lower margin is sutured to the mucosal 
edge of the urethra (Fig. 7). The mobilized distal 
urethra is opened widely along its dorsal surface. 
The left mucosal margin of the opened distal ure- 
thra is sutured to the left side of the patch graft 
(Fig. 8). The urethra is rotated back to its original 
position and the right urethral margin is sutured 
to the right side of the patch graft (Fig. 9). Upon 
completion the grafted area is covered entirely by 
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Fig. 1. The bulbar urethra is mobilized from the 
corpora cavernosa and rotated 180°. 


the urethra and a 16 Ch Foley catheter is left in 
place. Three weeks after surgery the bladder is 
filled with contrast medium, the Foley catheter 
is removed, and voiding cystourethrography is 
obtained (Fig. 10). 


Long-term outcomes and attrition rate 
of dorsal onlay graft urethroplasty 


In 1998 the authors reported the results of 


dorsal onlay graft urethroplasty using penile skin 
or buccal mucosa in 37 patients who had adult 
bulbourethral strictures. With a mean follow-up 
period of 21.5 months, 34 (92%) were classified 
as successes and 3 (8%) as failures [12]. 

In 1999 other authors reported favorable 
results (97%) in 28 patients who had a median 
follow-up period of 19 months [11] and favor- 
able outcomes (93%) in 29 patients who had a 
median follow-up period of 28 months using an aug- 
mented roof strip anastomotic urethroplasty [13]. 


Fig. 2. The urethra is opened along its dorsal surface. 


Recently, with a mean follow-up period ex- 
tended from 21.5 to 43 months, the success rate 
of dorsal onlay graft urethroplasty in 40 patients 
decreased considerably (from 92% to 85%) [14]. 


Discussion 


The surgical repair of bulbar urethral strictures 
is indicated for anastomotic repair of short lesions 
while free grafts (preputial skin or buccal mucosa) 
or pedicled flaps are suggested for longer and 
complex strictures. 

Current techniques include graft or flap 
apposition on the ventral surface of the urethra 
(Fig. 11), but the graft often lacks the mechanical 
support of a fixed bed, which allows it to fold on 
itself, reducing the opportunity of neovasculari- 
zation and decreasing the caliber of the recon- 
structed urethra [11]. Moreover, sacculation at the 
graft side occurred (Fig. 12) causing post-voiding 
dribbling and ejaculatory failure. Sequestration 
of semen and residual infected urine inside the 
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Fig. 3. A free skin or buccal mucosa graft (or pedicled 
flap) is spread and sutured to the tunica albuginea. 


pseudodiverticulum might further compromise the 
state of adjacent urethra and facilitate recur- 
rent stricture disease [11,15-19]. 

Recently, the use of a buccal mucosa graft 
instead of preputial skin provided a wide series 
of patients treated by using a ventral onlay patch 
urethroplasty. The incidence of mechanical weak- 
ening of the buccal mucosa graft is unknown. 
Buccal mucosa is thicker and the density of elastic 
fibers is higher than that of preputial skin and will 
probably therefore be more resistant to mechani- 
cal weakening over time. Long-term follow-up 
of these patients is mandatory. 

The dorsal approach to treating strictures of 
the bulbar urethra is anatomically more sound 
than the ventral approach because it requires less 
extensive opening of the spongy tissue; the ure- 
thral lumen is located dorsally in this tract 
(Fig. 13) [9]. The dorsal approach avoids signifi- 
cant bleeding from the corpus spongiosum, and 
mechanical weakening of the graft is unlikely 


Fig. 4. The right urethral margin is sutured to the right 
side of the patch, and the urethra is rotated back to its 
original position. 


(Figs. 10, 11). A serious complication of free graft 
urethroplasties is necrosis of the patch, which is 
caused by the failure of vascularization from its 
bed. When this occurs in ventrally placed grafts, 
a urethro-perineal fistula of considerable size is 
inevitable. No such event occur in patients treated 
using a dorsal graft apposition [9]. The dorsal 
placement of the graft provides a potential for 
roof-strip epithelial regeneration, according to 
the principles of Duplay, Davis, Traut, Browne, 
Weaver, and Schulte [1,2], Moore [3], and 
Monseur [6], provided that a catheter is left indwel- 
ling for an adequate period of time [9]. Reported 
experience with dorsal onlay graft urethroplasty 
shows that graft take is also adequate in corporal 
bodies, although the opened corpus spongiosum 
might contribute to vascularization on both sides 
of the graft [8-12,14]. 


w 
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Fig. 5. The left urethral margin is sutured to the left side Fig. 6. The proximal mucosal edge is spatulated and 
of the patch, and the grafted area is covered by urethral splayed over the corpora, and the distal urethra is 
plate. dorsally opened. 
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Fig. 7. The graft (or flap) is sutured to the tunica 
albuginea and to the proximal mucosal edge. 


Conclusions 


Dorsal onlay graft urethroplasty is a versatile 
procedure that can be combined with various sub- 
stitute materials such as preputial skin, buccal 
mucosa grafts, or pedicled flaps. Other substitute 
materials such as human urethral mucosa from 
corpses or a collagen matrix will be possible in 
the future. 

Any kind of substitution urethroplasty deterio- 
rates over time. In the authors’ series of patients 
who had their follow-up periods extended from 
21.5 to 43 months the success rate of dorsal onlay 
graft urethroplasty decreased from 92% to 85%. 
Long-term results of a wide series of patients have 
shown a final success rate between 85% and 97%. 

With regard to substitute material concerns 
(buccal mucosa versus preputial skin), long-term 
follow-up is mandatory to establish whether or 
not buccal mucosa is superior to foreskin as a ure- 
thral substitute material. At present the authors use 
both materials according to patient preference, sta- 
tus of the genital tissues, or stricture characteristics. 


Fig. 8. The left margin of the distal urethra is sutured to 
the left side of the patch. 


Fig. 9. The urethral plate is rotated and sutured over the 
patch. 
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Fig. 10. Voiding cystourethrography after dorsal onlay graft urethroplasty. 
Fig. 11. Mechanical weakening of unsupported graft on the ventral urethral surface (top). Mechanical support to the 
graft placed on the dorsal urethral surface (bottom). 
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Long, complex strictures of the anterior urethra 
are a challenge for which the penile circular fascio- 
cutaneous flap is an appropriate solution. It pro- 
vides an ample length (usually 13-15 cm) of 
nonhirsute, well-vascularized tissue that can be 
used throughout the entire urethra. The flap can 
be applied as an onlay procedure or, if necessary, 
tubularized for replacement urethroplasty. Com- 
plications have been minimal, and long-term cos- 
metic and functional results have been excellent. 

Surgical management of the anterior urethra 
differs greatly from that of the posterior urethra. 
Processes affecting the anterior urethra are gener- 
ally categorized as traumatic (45%) or infectious 
(10%). The remaining 45% are idiopathic, but 
most likely secondary to unrecognized trauma or 
prior urethral instrumentation [1]. Whatever the 
cause, the resulting scar in the urethral epithelium 
and surrounding corpus spongiosum presents the 
reconstructive urologic surgeon with an immense 
challenge. 

A variety of techniques to reconstruct complex 
anterior urethral strictures are presently available 
[2-8]; however, without question, excision of the 
stricture and primary, spatulated, end-to-end re- 
anastamosis is the “gold standard.” It is 96% to 
98% effective, and the results are durable (Table 1); 
however, it is best reserved for strictures approxi- 
mately 2 cm long. For more complex strictures of 
intermediate length (2.5-6.0 cm), tissue-transfer tech- 
niques are frequently used [2-11]; however, these 
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techniques decrease the overall efficacy to around 
90% and are of questionable durability (Table 1), 
so they should be avoided when possible. 

Of the numerous procedures that reconstruc- 
tive urologists have in their arsenal, the most suc- 
cessful are full-thickness free grafts (genital skin, 
bladder mucosa, or buccal mucosa) or pedicle- 
based flaps that carry a skin island. While a graft 
derives its blood supply from the surrounding tis- 
sue, a flap is transferred to the recipient site with 
its blood supply intact. 

The penile circular fasciocutaneous flap, as first 
described by McAninch [9], produces excellent 
cosmetic and functional results. We have applied 
it to all areas of the urethra, from the membranous 
portion to the meatus; however, it should be 
reserved for long, complex anterior strictures. 

A circumferential island of hairless distal fore- 
skin (or loose penile skin in the circumcised 
patient) is mobilized on its vascular pedicle. This 
circular fasciocutaneous penile flap reliably pro- 
vides a skin island approximately 13 to 15 cm long. 
We have not encountered any cases in which the 
donor site could not be closed primarily, even in 
circumcised patients, because the skin is usually 
easily reapproximated; however, should there be 
insufficient redundancy for primary closure, cover- 
age of the penile shaft with full-thickness, non- 
meshed skin grafts will also provide excellent 
cosmetic and functional results. 


Rationale 
Penile fascial anatomy 


A thorough working knowledge of penile anat- 
omy and the relationships of the penile fasciae is 
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Table 1 
Success rates of urethral reconstruction procedures 


Technique Success rate 

Internal urethrotomy 29%-33% 

Excision with primary 96%-98% 
reanastamosis 

Onlay procedures 
Graft 84% (before 1998) 

88%-93% (after 1988) 

Flap 88%-100% 


Data from papers and abstracts presented at the 89th 
Annual Meeting of the American Urological Association, 
May 14-19, 1994, San Francisco, California, and the 
Annual Meeting of the British Association of Urological 
Surgeons, June 28-July 1, 1994, Birmingham, England. 


critical for proper surgical development of fascio- 
cutaneous penile flaps. The term fasciocutaneous 
flap refers to the use of Buck's fascia as the primary 
supporting fascia of the tunica dartos vascular 


Skin Island 


Tunica Dartos 
(flap pedicle) 


Buck's Fascia: 
Superficial lamella 
Deep lamella 


Buck's Fascia: 
Deep lamella 


pedicle as it passes to the island of penile skin 
[12]. In other words, the circular fasciocutaneous 
penile flap uses the tunica dartos fascia as a conduit 
that contains the vascular pedicle. Anatomically, 
the corpora cavernosa and corpus spongiosum 
are invested by both a deep fascial layer (classically 
referred to as Buck's fascia, but also occasionally 
referred to as fascia penis) and a superficial layer 
of loose areolar tissue known as the dartos fascia. 
The anatomy and relationships of the penile fascial 
planes are illustrated in Fig. 1. 

The deep Buck's fascia is well defined and is 
closely adherent to the tunica albuginea of the cor- 
pora cavernosa and corpus spongiosum. Despite 
this intimate association with the tunica, however, 
it can be separated and mobilized as a definite 
plane of cleavage exists. Buck's fascia therefore 
provides the foundation for the circular fasciocu- 
taneous penile flap. Dorsally, the deep dorsal vein, 
dorsal arteries, and dorsal nerves lie in a groove 


Dorsal Artery 


Fig. 1. Artists rendering of the penile anatomy and the relationships of the fascial planes. (From Morey AF, McAninch 
JW. Penile circular fasciocutaneous flap urethroplasty. Atlas Urol Clin N Am 1997;5:47; with permission.) 
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just deep to the superficial lamina of Buck’s fascia. 
The circumflex vessels branch from the dorsal vas- 
culature and lie just deep to Buck’s fascia over the 
lateral aspect of the penile shaft. Ventrally and 
dorsally, Buck’s fascia separates into superficial 
and deep lamellae that diverge to surround the cor- 
pus spongiosum and neurovascular structures in 
envelope fashion. Only the superficial lamella is 
elevated with the fasciocutaneous flap. 

The superficial dartos fascia is a thin, membra- 
nous layer of loose subdermal tissue devoid of fat, 
which lies immediately beneath the skin. To pre- 
serve the delicate subdermal plexus and prevent 
skin necrosis, it must be reflected with the penile 
skin. 

Deep to the dartos fascia lies the tunica dartos. 
This layer of areolar tissue moves freely over 
Buck’s fascia, is devoid of fat, and is continuous 
with the membranous layer (Scarpa’s fascia) of 
the anterior abdominal wall fascia, the dartos 
tunic of the scrotum, and Colles’ fascia of the peri- 
neum. The superficial blood vessels, nerves, and 
lymphatics run within the tunica dartos fascia. 
This is best perceived as a conduit that contains 
the vascular pedicle or, as so vividly expressed by 
Jordan and Stack: “It is incorrect to view the fascia 
as the blood supply, but rather to visualize the fas- 
cia as a trellis and the blood supply as the vine 
entwined on the trellis” [13]. 


Femoral artery, vein 


Deep external pudendal artery’ 


‘Saphenous vein 


Ventrolateral branch artery” 


Dorsolateral branch artery’ 


The microcirculation of the penile skin and its 
relevance to reconstructive surgery of the genital 
tract have been described in detail by Quartery 
[14,15]. Briefly, the arterial blood supply is derived 
from the superficial (superior) and deep (inferior) 
external pudendal arteries, which are medial 
branches arising from the femoral artery. These 
arteries descend inferiorly and enter the base of 
the penis as the dorsolateral and ventrolateral 
axial penile arteries to form an arterial network 
within the tunica dartos fascia (Fig. 2). Branches 
from the axial penile arteries then pass superficially 
to form the subdermal plexus, which nourishes the 
penile skin (Fig. 3). Along the penile shaft, the con- 
nections between the subcutaneous and subdermal 
arterial plexuses are so fine that the skin and dartos 
fascia can usually be dissected off the tunica dartos 
with little bleeding. 

As with most venous systems, the venous drain- 
age of the penile skin is variable. In general, 
venous blood from the penile skin drains into a 
subdermal venous plexus that in turn empties into 
several tributaries at the base of the penis (Fig. 4). 
The deep and superficial (subcutaneous) dorsal 
veins originate from the retrobalanic venous 
plexus, which lies in a hollow posterior to the glans 
penis and distal to the termination of the corpora 
cavernosa (Fig. 5). Normally, no large connections 
exist between the subdermal venous plexus and the 


Superficial external pudendal vein 


Superficial external 
pudendal artery 


Fig. 2. The superficial external pudendal blood supply. (From Jordan GH, Stack RS. General concepts concerning the 
use of genital skin islands for anterior urethral reconstruction, Atlas Urol Clin N Amer 1997;5:23; with permission.) 
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Fig. 3. Relationships of subdermal, subcutaneous, and dorsal arterial plexus. (From Quartey JKM. Microcirculation of 


the penile and 


subcutaneous veins, although large communica- 
tions may occasionally be present. 


Flap anatomy 


When considering the use of any flap, the sur- 
geon should bear in mind four general principle: 
(1) morbidity and coverage of the donor site, (2) 
flap vascularity, (3) physical characteristics of the 
flap, and (4) the mechanics of flap elevation and 
transfer to the recipient site [13]. 

For circular fasciocutaneous penile flaps, the 
donor site is the distal penile shaft (or foreskin in 
the uncircumcised). In this location, the skin is 


External pudendal 
vein 


Femoral artery E 


Femoral vein 


Deep external 
pudendal artery 


Tributary vein 
{rom subdermal 


plexus Subdermal 


rotal skin. Atlas Urol Clin N Amer 1997;5:23; with permission.) 


highly elastic, flexible and devoid of hair. Nearly 
all patients, including those circumcised, will have 
adequate preputial redundancy to permit cir- 
cumferential flap harvest up to 2.5 cm wide with- 
out compromising primary closure or functional 
results. 

In general, flap vascularity is categorized as 
random or axial. A random flap has no identifiable 
vessel at its base; therefore, its survival depends on 
the dermal and intradermal plexuses and ratio of 
length to width [16]. Axial flaps have an identifi- 
able vessel at their base and, therefore, a well-de- 
fined and reproducible vascular territory (Fig. 6). 
Musculocutaneous and fasciocutaneous flaps are 
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Fig. 4. Superficial venous drainage of the penis. (From Quartey JKM. Microcirculation of the penile and scrotal skin. 


Atlas Urol Clin N Amer 1997;5:23; with permission.) 
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Fig. 5. Deep and superficial dorsal median veins arising from retrobalanic venous plexus. (From Quartey JKM. 


Microcirculation of the penile and scrotal skin. Atlas Urol Cl 


examples of those with axial vascularity. Genital 
skin flaps, being fasciocutaneous, are axial. Here 
the identifiable vessel (the penile artery) is lo- 
cated within the tunica dartos fascia, which acts 
as a conduit and contains the vascular pedicle; 
however, one should not visualize the vascularity 
of genital fasciocutaneous flaps as a single axial 
vessel, but rather as a blood supply based on an 
axial vessel that includes immediate, wide arbori- 
zations [17]. As the blood supply is located within 
the tunica dartos, this constitutes the flap; the 
overlying skin is best referred to as a skin island. 
Secondary perforator vessels are present that sup- 
ply flow to the skin island (Fig. 3). Thus, the circu- 
lar fasciocutaneous penile flap is an axial flap that 
carries a skin island, not an island flap. 

Desirable physical characteristics for genital 
flaps used in anterior urethral reconstruction 
include thin, nonhirsute tissue that is easily tail- 
ored, because redundancy can lead to the forma- 
tion of diverticula. Genital skin is a must. Hair 
in the urethra will result in eczema, calciferous 
deposits on the hair shaft, and infection, which all 
facilitate stricture recurrence [9]. The circular pe- 
nile fasciocutaneous flap fulfills the above criteria: 


Fig. 6, An axial pattern of vascularity. Note that the 
major vessel in the base of the flap then arborizes to the 
dermal plexus. (From Jordan GH. Use of flaps and 
grafts, In: McAninch JW, editor. Traumatic and 
reconstructive urology. Philadelphia: W.B. Saunders; 
1996. p. 71-85; with permission.) 
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it is thin and hairless and can be easily and pre- 
cisely tailored to avoid the creation of diverticula 
or out-pouching. 

The mechanics of flap elevation and transfer 
entail getting the flap to the recipient site with its 
blood supply intact. As stressed earlier, the fascia 
is the flap, and the skin island is merely a passen- 
ger. This is an important concept, because fascial 
flaps with skin islands can endure some twisting 
without vascular compromise, allowing them to 
be oriented in many directions at the recipient sit 
a true skin island flap cannot. With adequate 
mobilization, the circular fasciocutaneous penile 
flap will easily reach the membranous urethra, 
and it can even be brought out distally to construct 
a neomeatus. 

All the above criteria for urethral reconstruc- 
tion tissue transfer are met by the circular fasciocu- 
taneous penile flap. It reliably provides an 
adequate length (usually 13-15 cm) of hairless gen- 
ital skin that can be used throughout the entire 
anterior urethra. The abundant vascularity of the 
tunica dartos fascia allows the skin island to be 
reliably tailored and oriented at the recipient site. 
The skin island can be used as a single unit for long 
complex strictures or divided and applied in two 
separate areas for multiple strictures. 


Patient selection 


In addition to the standard inquiries made of 
all surgical candidates, other factors must be con- 
sidered: patient age, stricture location and length, 
degree of spongiofibrosis, prior urethroplasty, the 
presence of penile skin diseases such as balanitis 
xerotica obliterans, presence or absence of fore- 
skin, and distribution of hair along the penile 
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shaft. For example, extensive disease in older, 
debilitated patients may best be managed by sim- 
ple perineal urethrostomy. 


Preoperative patient discussion 


Before surgery, appropriate candidates are 
extensively counseled regarding complications 
resulting from the exaggerated lithotomy position 
(see the sections on patient positioning and compli- 
cations below) [18-20]. As the flap is somewhat 
more distensible than the normal urethra, we 
inform the patients of possible postmicturition 
“dribbling.” Many have already experienced this 
to some degree. Postoperatively, dribbling can be 
avoided by gentle digital compression on the area 


of reconstruction after voiding; a few drops of 


urine will be expressed, which resolves the drib- 
bling problem. We also counsel our patients about 
erectile dysfunction, although this should not 
occur. Many patients are under the false impres- 
sion that correction of their stricture disease will 
improve erectile function. In addition, patients 
are forwarned of possible postoperative alterations 
in penile skin sensation, but are also informed that 
glanular sensation should not be altered. 


Operative technique 


Stricture length and characteristics should be 
well delineated before surgery. In addition to pre- 
operative retrograde urethrography and voiding 
cystourethrography, we have found preoperative 
sonourethrography to be a useful adjunct for pre- 


cise determination of stricture length and degree of 


spongiofibrosis [21]. Patients are admitted on the 
morning of the procedure. All are given preopera- 
tive antibiotics; we prefer IV ampicillin (1 gm) and 
gentamicin (5 mg/kg). 


Patient positioning 


Proper patient positioning is critical and cannot 
be overemphasized. It is imperative both for gain- 
ing adequate surgical exposure and for preventing 
postoperative neuromuscular complications, which 
unfortunately do occur. The repair of complex 
urethral strictures can be lengthy because it re- 
quires patience and meticulous attention to sur- 
gical principle. To avoid prolonged placement in 
the exaggerated lithotomy position, we begin with 
the patient supine for flap harvesting. Strictures 
involving the pendulous urethra may be repaired 
with the patient remaining supine or in a low dor- 
sal lithotomy position; however, for more proxi- 


mal strictures we convert the patient to the 
exaggerated lithotomy position. 

TED stockings and sequential pneumatic 
compression devices are placed on each lower 
extremity. Foam egg-crate heel protectors and 
padded stirrup straps are applied. These wrap 
around the plantar surface of the foot at the level 
of the arch and around the posterior distal lower 
leg. The dorsum of the foot is well padded with 
foam to prevent compression of the dorsal cuta- 
neous nerves. The lower extremities are then sus- 
pended high into the air with candy-cane stirrups. 
The gluteal clefts are positioned just beyond the 
table’s edge. 

An inflatable beanbag overlapped by a gel mat- 
tress pad is positioned beneath the patient. The 
sacrum is stabilized and elevated by “rolling 
under” the caudal aspect of the beanbag; this 
allows the perineum to be positioned nearly paral- 
lel to the floor. To avoid stretch on the sciatic 
nerve, it is extremely important to ensure that the 
beanbag lifts and rotates the perineum into proper 
position and not the suspended lower extremities. 
The legs should be suspended high enough to avoid 
acute angulation at the knee joints. 


Flap harvest 


As complications associated with the exagger- 
ated lithotomy position increase with the proce- 
dure’s duration, we prefer to harvest the flap 
first. This also decreases urethral blood loss from 
the corpus spongiosum. 

Optical magnification should be used through- 
out the procedure. A 2-0 silk stay suture is placed 
in the midsagittal plane of the glans penis to pro- 
vide stretch and permit manipulation. To avoid 
disturbing the natural hair pattern, the penile shaft 
should not be shaved before marking the flap area. 
As the circular fasciocutaneous flap is harvested 
from the distal penile shaft or foreskin, this usually 
assures hairlessness. The skin is placed on stretch 
and the lines of incision are marked with calipers. 
The distal line of incision is marked with brilliant 
green dye approximately 5 mm proximal to the 
coronal sulcus. A second line of incision is marked 
approximately 17 to 20 mm proximal to the first 
(Fig. 7). Flap width varies according to the amount 
of tissue needed to produce a final urethral lu- 
men approximating 26 Fr in diameter. For onlay 
procedures, a 17- to 20-mm flap width is adequate. 
To prevent pseudodiverticulum formation, we 
rarely develop skin flaps more than 20 mm wide 
for onlay reconstruction; however, when complete 
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Fig. 7. During flap harvest, a glanular stitch stabilizes the penis. 


urethral replacement is necessary, we harvest a 
25-mm-wide flap to allow tubularization. 

As the ink tends to fade with manipulation, we 
initially score both lines of incision lightly with a 
$15 scalpel blade. Dissection is then begun by 
deepening the more distal incision on the lateral 
aspect of the penile shaft down to the superficial 
lamina of Buck's fascia, thus avoiding the urethra 
and dorsal neurovascular structures. Once the cor- 
rect plane of dissection is identified, beneath the 
superficial lamina of Buck's fascia, the dissection 
is carried circumferentially. The dorsal penile neu- 
rovascular complex and tunica albuginea are 
exposed and preserved immediately beneath the 
plane of dissection. Injury to the former must be 
avoided to prevent anesthesia in the glans and dis- 
tal foreskin. The superficial lamina of Buck's fas- 
cia is elevated with the pedicle flap, thereby 
supplying its foundation. As the flap is elevated 
proximally, it is helpful to angulate the scissors 
in the direction of the penile shaft while lifting 
the flap away with skin hooks. This dissection is 
carried to the base of the penis. Care is taken to 
ensure adequate hemostasis with bipolar cautery. 

The proximal circumferential incision is super- 
ficial and is deepened only through the thin (sub- 
dermal) dartos fascial layer. The delicate dartos 
fascia is thus elevated with the penile skin along 
the entire shaft of the penis, which protects the 
subdermal vascular plexus and thereby assures 
survival of the penile skin (Fig. 8). 

Once each plane of dissection has been 
extended down to the penile base near the suspen- 
sory ligament, the flap is divided in the midventral 


plane (to avoid the abundant network of superfi- 
cial dorsal veins) back to the penoscrotal junction, 
thereby converting the circular configuration of 
the skin island into a longitudinal strip (Figs. 9 
and 10). The typical length of skin island obtained 
in most patients is 13 to 15 cm. Stay sutures are 
placed at each end. The well-vascularized pedicle 
flap, with its skin island, is then transposed to 
one side of the penis for passage through the scro- 
tum and to the area of repair. Penile tethering is 
avoided by freeing the flap adequately from the 
proximal shaft until it reaches into the perineum 
without tension. Although division in the midven- 
tral plane leaves the flap based dorsally, it allows 
us to avoid the superficial dorsal vasculature and 
has presented no problems in obtaining adequate 
flap length to reach deep into the perineum. It is 
crucial to note in the operative dictation report 
the direction toward which the flap is transposed 
so that injury to the pedicle can be avoided if 
another operation is necessary. 


Stricture exposure 


As stated above, the patient need not be reposi- 
tioned for distal strictures, which can be repaired 
through the circumcision incision. Bulbar and 
membranous strictures, however, require reposi- 
tioning into the high lithotomy position. 

A midline incision is made in the perineum along 
the line of the median raphe. The incision is deep- 
ened through the superficial Colles’ fascia down 
to the bulbospongiosus muscle. We prefer the Scott 
retractor with accompanying skin hooks to provide 
adequate exposure and facilitate dissection. The 
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Fig. 8. (Top) The delicate dartos fascia is mobilized with the skin. (From Morey AF, McAninch JW. Penile circular 
fasciocutaneous flap urethroplasty. Atlas Urol Clin N Am 1997;5:49; with permission.) (Bottom) The flap is elevated 


with its pedicle. 


bulbospongiosus muscle is sharply divided in the 
midline with Metzenbaum scissors and reflected 
laterally, thereby exposing the corpus spongiosum. 
The corpus spongiosum can be grasped with Deba- 
key forceps and manipulated to either side during 
dissection. Passage of a 20 French red rubber ure- 
thral catheter will identify the distal-most aspect 
of the stricture. Stay sutures of 4-0 dexon are then 
placed in the corpus spongiosum at the 3 o’clock 
and 9 o’clock positions to provide exposure and 
retraction. The corpus spongiosum and urethra 
are entered on the ventral surface just distal to the 
stricture, and the entire length of abnormal urethra 
is sharply incised in the ventral midline, extending 
at least 1 cm into normal urethra. Often passage 


of a small-caliber feeding tube will help delineate 
the lumen as the stricture is incised. Additional 
full-thickness stay sutures of 4-0 dexon are placed 
along the length of the stricture, as it is incised, to 
facilitate exposure. The urethra distal to the stric- 
ture is dilated with a 26F Acorn bougie a boule, 
and proximally a 28F or 30F bougie a boule is 
passed into the bladder to ensure that the complete 
length of stricture has been lysed and to rule out 
additional unsuspected strictured areas. We then 
pass a #19F rigid cystoscope into the proximal ure- 
thra and bladder to identify anatomic landmarks 
and rule out bladder pathology. 

A tunnel that will allow passage of two fingers 
is created bluntly and sharply under the scrotum 
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Fig. 9. The flap is divided in the midventral plane back 
to the penoscrotal junction to convert the circular 
configuration to a longitudinal strip. (From Morey AF, 
McAninch JW. Penile circular fasciocutaneous flap 
urethroplasty. Atlas Urol Clin N Am 1997;5:50; with 
permission.) 


from the penile shaft to the perineum. The previ- 
ously placed stay suture at one end of the flap is 
grasped and passed through the scrotal tunnel into 
the perineal incision near the region of the bulb 
(Fig. 11). Remember that the axial blood supply 
is located within the fascia, and the skin is merely 
carried as a passenger (a fascial flap with a skin 
island). This configuration can endure some twist- 
ing without vascular compromise; nevertheless, 
excessive tension and twisting should be avoided 
to ensure a successful outcome. 


Anastomosis 


Although the skin island can be fashioned into 
acomplete tube and used for replacement urethro- 
plasty, we prefer to maintain the urethral plate and 
use the flap for onlay reconstruction whenever 
possible. The length of the urethral defect is meas- 
ured, and the skin island is tailored accordingly. 
It should face the lysed urethra. Two running, 
double-armed, monofilament, absorbable (poly- 
glyconate [Maxon], poliglecaprone [Monocryl] 
or polydioxanone [PDS]), 5-0 or 6-0 sutures are 
placed at the apices. Knots are tied on the outside 
of the urethral lumen. The suture is then passed 
back into the urethral lumen, and a running, 
water-tight, urethral anastomosis is performed 
along one side, approximating the edge of the skin 
island to the urethral mucosa margin. Suturing 


begins at the proximal apex of lysed stricture, 
and the back wall is the first side sutured (ie, the 
side toward which the pedicle was passed) 
(Fig. 12). The flap can be temporarily tacked along 
the urethral margin with interrupted suture of 5-0 
chromic to stabilize it. Billowing and bunching 
can be avoided by lightly stretching the skin island 
with delicate jeweller’s forceps while precisely plac- 
ing the sutures in the skin edge. One should avoid 
grasping the suture with forceps to prevent weak- 
ening it during the anastomosis. 

A second running suture is begun at the distal 
apex and run proximally to complete the anasto- 
mosis. Flap width can be reduced in areas by trim- 
ming as needed to produce a smooth contour 
approximating 26F. A 16F 100% silicone catheter 
is inserted before completing the anastomosis. As 
the second suture line nears completion, redun- 
dant skin is excised and the skin island is tailored 
near the distal apex. Caution should be exercised 
to ensure that only the skin island is tailored, 
thereby preserving the pedicle flap. To avoid ex- 
cess bulk, the pedicle flap can be loosely tacked 
along the penile shaft with interrupted suture. 

Complex strictures that exceed the length of the 
skin island can be managed by combining other 
forms of tissue transfer with the flap. In such cases, 
the flap should be placed in the pendulous portion 
of the urethra and the free graft should be placed 
in the bulbar urethra, thereby taking advantage 
of the abundant corpus spongiosum to provide 
vascular support for the graft tissue. 

If bleeding from the spongiosal edge is trouble- 
some, the opened spongiosum can be sutured 
along its edge with running absorbable suture, 
but formal spongioplasty is avoided to prevent 
pressure on the pedicle. A small TLS suction drain 
can be placed beneath the bulbospongiosus muscle 
before closure and brought out through a separate 
stab incision. The bulbospongiosus muscle is reap- 
proximated in the midline with interrupted Dexon 
suture, and Colles’ fascia reapproximated in like 
manner. The perineal skin incision is closed with 
interrupted 4-0 chromic suture. The skin over the 
penile shaft is reduced and closed in standard fash- 
ion as for a circumcision. 


Postoperative care 


The incisions are dressed with xeroform, fol- 
lowed by fluff gauze. A scrotal supporter is used 
to hold the dressing in place and to ensure gen- 
tle compression and immobilization, which re- 
duces edema without compromising blood supply. 
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Fig. 10. (Top) The pedicle provides up to 15 cm of vascularized tissue. (From Morey AF, McAninch JW. Penile circular 
fasciocutaneous flap urethroplasty. Atlas Urol Clin N Am 1997;5:51; with permission.) (Bottom) Viewed dorsally, the 
vascular arcade within the pedicle is substantial and the skin island is viable. 


Circumferential compression bandages to the pe- 
nile shaft are avoided. Suprapubic urinary diver- 
sion is typically not performed. The 16F 100% 
silicone catheter is used as a stent and to divert the 
urine for 3 weeks. The foley is secured to the 
lower abdominal wall with a Cathsecure to main- 
tain the penis in the anatomic position and avoid 
pressure on the flap. On postoperative day 1, diet 
is advanced and ambulation allowed. Patients are 
usually discharged after 48 to 72 hours. Sup- 
pressive doses of oral antibiotics are maintained 
until the catheter is removed. Voiding cystourethro- 
graphy is performed at catheter removal. Patients 


are followed with flow-rate measurement and ure- 
thrography at 3 and 12 months. 


Outcome and complications 


When we last reviewed the San Francisco Gen- 
eral Hospital experience [12], results were reported 
in 66 patients. All procedures were performed by 
a single surgeon (JWM). The average stricture 
length was 9.08 cm, and mean follow-up time 
was 41 months (range: 1-7 years). 

Of the 66 men, 54 underwent onlay urethro- 
plasty and the remaining 12 underwent flap tubu- 
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ion for bulbar strictures. (From Morey AF, McAninch JW. Penile circular fasciocutaneous 


flap urethroplasty. Atlas Urol Clin N Am 1997;5:55; with permission.) 


Fig. 12. When the flap is straightened and its apex is 
tailored, the ipsilateral backwall anastomosis is com- 
pleted first. (From Morey AF, McAninch JW. Penile 
circular fasciocutaneous flap urethroplasty. Atlas Urol 
Clin N Am 1997;5:56; with permission.) 


larization for replacement urethroplasty. The 
overall success rate was 79%. After one additio- 
nal procedure, the overall long-term success rate 
increased to 95% (Fig. 13). Strictures recurred 
after the initial procedure in 14 (21%), usually at 
the proximal or distal anastomotic site. Recurrent 
strictures were managed either by repeat urethro- 
plasty for strictures approximately 1.0 to 2.5 cm 
long or by direct-vision internal urethrotomy 
(DVIU) or dilatation for short strictures. Repeat 
urethroplasty was successful in five of seven 
patients, DVIU or dilatation in six of seven. Two 
patients required perineal urethrostomy and fistula 
closure. Only one patient needed more than one 
additional procedure. No one has required repeat 
dilatation or self-catheterization. 

Onlay repair appears to be more successful 
than flap tubularization for urethral replacement. 
With onlay repair, the initial success rate was 
87% (47 of 54) and the long-term success rate 
was 98% (53 of 54) after one additional procedure. 
With flap tubularization, 7 of the 12 men (58%) 
required a repeat procedure for recurrent stenosis. 

Neurovascular lower extremity complications 
developed in four patients after prolonged high- 
lithotomy positioning (see Table 2). Compartment 
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Fig. 13. Excellent cosmetic results are obtained post- 
operatively. 


syndrome requiring fasciotomy occurred in two 
patients, and transient neuropathy in two. Predict- 
ing which patients are at risk for lower extremity 
complications is difficult, but the risk appears to 
increase when patients remain in the high lithot- 
omy position for more than 5 hours [17,19,21]. 


Table 2 
Penile circular fasciocutaneous flap: complications in 66 
patients 


Complication No. Pts. (4) 

Recurrent stricture, successful 4(6) 
reoperation 

Recurrent stricture, single dilation 7 (11) 
or direct-vision internal 
urethrotomy 

Recurrent stricture, perineal 2 (3) 
urethrostomy 

Recurrent stricture, awaiting 1(2) 
further reconstruction 

Transient extravasation 3 (4) 

Fistula 2) 

Compartmental syndrome 23) 
(fasciotomy) 

Transient leg neuropathy 2 (3) 

Penile skin slough 3 (4) 

Pseudodiverticulum 10) 

Hematoma 10) 

Postoperative myocardial 10) 
infarction 

Postoperative death 1(2) 


Data from Moses TA, Kreder KJ, Thrasher JB. 
Compartment syndrome: an unusual complication of the 
lithotomy position. Urology 1994;43:746. 


Because our average operative time is 6 hours, 
the potential development of compartment syn- 
drome—a devastating complication—must always 
be considered. We thus begin all cases with the 
patient supine for graft harvesting. This has 
decreased our average lithotomy time to between 
3 and 4 hours. 

In three patients, necrosis of the penile skin 
occurred proximal to the harvest site as a result 
of compromised vascular supply to the subdermal 
plexus. All healed by secondary intent and did not 
require skin grafting. This complication can be 
avoided by establishing the correct plane of dissec- 
tion beneath the delicate dartos fascia (see section 
on flap harvest above [Fig. 8A]). The dartos fascia 
layer should be reflected with the skin, thereby 
protecting the subdermal plexus and ensuring skin 
viability. If hair follicles are visible on the under- 
surface of the foreskin, the plane of dissection 
has deviated superficial to the dartos fascia, jeop- 
ardizing skin viability. 

Rarely, some patients in whom the flap was 
mobilized deep into the perineum will complain 
of ventral tethering with erections. This can be 
avoided by freeing the flap from the proximal shaft 
adequately. The flap stretches with time; thus, this 
complication, should it arise, will not prove 
chronic. Early postoperative erections should be 
encouraged and patients reassured if tethering is 
initially present. We have not encountered any 
reports of postoperative erectile dysfunction. 

One patient has complained of paresthesia in 
the region of the glans penis, scrotum, and peri- 
neum. To prevent this, discretion is advised when 
dissecting the superficial lamina of Buck’s fascia 
off the neurovascular structures. 

Hematoma is a rare complication that can 
result either from extensive dissection and flap 
mobilization or from persistent oozing from the 
open spongiosum on either side of the anastomotic 
suture line. This can be reduced by paying meticu- 
lous attention to detail and obtaining adequate 
hemostasis with the bipolar cautery. If bleeding 
from the open spongiosum is troublesome, it can 
be controlled with a running absorbable suture. 
A small suction drain (TLS) or Jackson-Pratt 
may be used if hematoma is a concern. 

The most frequently encountered complica- 
tion is stricture recurrence. Patients with poor 
penile skin quality owing to penile infections or 
abscesses, condylomatous disease, or balantitis 
xerotica obliterans are poor candidates for the cir- 
cular fasciocutaneous penile flap; other recon- 
structive techniques such as free grafts of buccal 
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mucosa should be strongly considered. Careful 
attention to detail and atraumatic tissue handling 
can greatly reduce the risk of stricture recurrence. 


Summary 


The circular fasciocutaneous penile flap meets 
all criteria for tissue transfer and urethral recon- 
struction. It reliably provides ample hairless tissue, 
usually 13 to 15 cm long, without compromising 
cosmesis or function. We find it ideal for long stric- 
tures in the distal or pendulous urethra, where the 
decreased substance of the corpus spongiosum 
may jeopardize graft viability. A second major 
advantage is its versatility: it can be used through- 
out the entire anterior urethra, from the membra- 
nous area to the meatus. In addition, the circular 
fasciocutaneous penile flap is easily combined with 
other tissue-transfer techniques when necessary, 
enabling one-stage reconstruction in the majority 
of cases. The flap may be tubularized for replace- 
ment urethroplasty or divided and used in two 
separate stenotic areas. Onlay reconstruction is 
preferable to flap tubularization and has provided 
a better initial and long-term outcome. The circular 
fasciocutaneous penile flap provides superior 
results even in patients with complex refractory 
strictures in whom previous attempts at anterior 
urethroplasty have failed. We believe its superiority 
resides in the transfer of well-vascularized tissue to 
the compromised area. Complications can be mini- 
mized by avoiding prolonged placement in the 
exaggerated lithotomy position and by meticulous 
attention to principle of reconstructive surgery. 
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Genital skin islands mobilized on the extended 
dartos fascial system are a mainstay of anterior 
urethral reconstruction, and flap onlays have been 
used successfully for over 20 years. The use of flap 
onlays was recently popularized by the work of 
Standoli and Duckett for reconstruction of hypo- 
spadias [1,2] and Quartey, whose work with 
microinjection studies validated the superficial 
external pudendal arteries’ contribution to the dar- 
tos fascial blood supply [3]. This was probably 
first described by Manchot in 1889 [4]. 

The use of scrotal and perineal flaps for ante- 
rior and posterior urethral reconstruction has 
been unfairly maligned with claims of poor water- 
proofing qualities, formation of diverticula, and 
the potential to import hair into the urethra. 
Actually, scrotal and perineal skin do not appear 
to differ from other genital skin with regards to 
permeability to surface liquids, and although 
these islands are difficult to tailor, when properly 
prepared they are no more likely to create diver- 
ticula than other genital skin islands. Similarly, if 
the flap is prepared from hirsute skin, hair will 
be imported into the urethra; however, hairless 
scrotal areas can be mobilized as skin islands, 
and the skin overlying the perineal artery is non- 
hirsute or nearly non-hirsute in many individuals. 

With these potential limitations in mind, most 
physicians would agree that scrotal and perineal 
flaps are not the first-choice genital skin islands 
for anterior urethral reconstruction. Although 
graft techniques have gained popularity, grafts 
require a suitable recipient bed, and in cases of 
extensive fibrosis or variables that alter vascular- 
ity, a graft will not do well. Thus, many patients 
with complex situations not suitable for tradi- 


tional graft or flap techniques are good candidates 
for scrotal skin islands or skin islands mobilized 
on the perineal artery, and many centers have suc- 
cessfully employed these techniques for difficult 
cases with good long-term success. Examples of 
such cases include patients who have had multiple 
procedures with recurrent structure, patients with 
complex stricture of the bulbous or bulbomem- 
branous urethra associated with extensive spon- 
giofibrosis and periurethral fibrosis, patients with 
no other appropriate genital donor source for an 
island flap, and patients who have undergone 
radiation therapy. 


Fasciocutaneous flap anatomy 


Recognition of fasciocutaneous flaps was a sig- 
nificant advance in the diversification of recon- 
structive surgical techniques. A fasciocutaneous 
flap consists of a unit in which the fascia is the flap, 
which then carries the overlying skin on perforator 
vessels from the fascial blood supply (Fig. 1). All 
fascial flaps are dependent at some point on a 
dominant blood vessel, a characteristic of axial 
flaps. The dominant vessel arborizes to form 
plexuses on both the deep and superficial aspect 
of the fascia which then communicates by way of 
perforators to the skin’s microvasculature, consist- 
ing of the subdermal and intradermal plexuses. 

Fasciocutaneous vascularity was first described 
by Ponten in 1981 [5] and was further defined 
by Cormack and Lamberty in 1984 [6]. While 
Manchot’s diagrams indicate that the superficial 
distribution of the deep internal pudendal artery 
becomes a fascial arborization [7], to date, injec- 
tion studies on these vessels have not been 
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Fig. 1. Generic illustration of a fasciocutaneous flap. 


The blood supply is by way of fascial perforators, which 
arborize on the deep and superficial surfaces of the 
superficial fascia, The fascial arborization then carries 
the overlying skin paddle by way of perforators. (From 
Jordan G. AUA Update Series, Lesson 10, Vol 7, 1988.) 


published. As Quartey’s injection studies have 
demonstrated, the superficial external pudendal 
vessels arborize into the dartos fascia of the penis 
and the tunica dartos of the scrotum [3] (Fig. 2A). 
It is assumed that the deep internal pudendal 
artery and its posterior scrotal branch arborize 
into the tunica dartos. The posterior scrotal 
arteries come onto the scrotum and into the fascia 
from a posterior lateral direction, representing 
one of the first branches of the deep internal 
pudendal artery (Fig. 2B). After giving off a peri- 
neal branch, the deep internal pudendal artery 
becomes the common penile artery, providing 
deep arterial supply to the penis. 

The perineal artery flap, also known as the 
pudendal medial thigh skin flap, is also a fascio- 
cutaneous flap. The concept of the perineal artery 
flap was first described in 1986 by Morton et al 
for vaginal reconstruction [8] and later by Hagerty 
et al [9]. In 1989, however, Wee and Joseph estab- 
lished the true cuticular vascular territory and de- 
sign of the flap, naming it the Singapore Flap [10]. 

The perineal artery flap differs from the hairless 
scrotal skin island because it consists of significant 
subcutaneous tissue, deep fascia, and the abductor 
epimysium in addition to skin. The dartos fascial 
system (ie, dartos fascia of the penis and tunica 
dartos of the scrotum) is part of a broad fascial sys- 
tem in which the tunica dartos of the scrotum 
becomes Colles’ fascia of the perineum and extends 
over the thigh to become the lateral fascia. The 
tunica dartos of the scrotum is contiguous with 
the dartos fascia of the penis, and the dartos fascia 
of the penis is contiguous with Scarpa’s fascia, 
which eventually inserts on the clavicles. 


‘Superficial external pudendal v. 
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Fig. 2. (A) The superficial external pudendal artery. This 
artery is felt to arborize into the dartos fascia of the penis 
and the tunica dartos of the scrotum. (B) Distribution of 
the internal pudendal artery. The internal pudendal artery 
gives off the superficial branches that become the perineal 
artery and the posterior scrotal artery. The internal 
pudendal artery extends as the deep artery becoming the 
common penile artery. The perineal artery and the 
posterior scrotal arteries arborize into the respective 
superficial fascias. (From Jordan G. AUA Update series, 
Lesson 10, Vol. 7, 1988.) 


The named prominent vessel is the perineal 
artery, a superficial branch of the deep internal 
pudendal artery. These vessels eventually commu- 
nicate with branches of the deep external puden- 
dal artery and the medial femoral circumflex 
artery, which arise from the profunda femoris. 
Some branches of the pudendal nerve that extend 
into this skin island can be preserved; thus these 
islands have the potential for sensibility (Fig. 3). 


Hairless scrotal skin islands 


In the early 1980s the Devine Center aggres- 
sively examined the use of hairless scrotal skin 
islands mobilized on the tunica dartos of the scro- 
tum. During this time midline scrotal islands had 
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Fig. 3. Vasculature of the perineal artery and the 
perineal area. Note the interplay between the perineal 
artery and the deep external pudendal artery. The medial 
circumflex femoral artery extends into the area that can 
be carried as a fasciocutaneous flap (perineal artery 
flap). 


been elevated on the septal vessels of the scrotum 
[11]. Singh and Blandy described the staged appli- 
cation of a perineally-based flap for proximal 
anterior or membranous urethral reconstruction 
[12]. In these early applications no effort was made 
to import non-hirsute skin; consequently, encrus- 
tation on the hair caused calcified urethral 
bezoars. An additional factor contributing to this 
complication results from redundant placement of 
the islands in the urethra, causing a true or rela- 
tive diverticulum in the area in which they were 
used. Blandy and Singh noted that if correctly tai- 
lored the flaps would not be redundant, and in 
most cases the hair follicles would involute and 
much of the hair in the islands would eventually 
stop growing. 

Surgeons from the author’s center noted that 
many patients have significant areas of hairless skin 
and large areas with only scattered hair follicles that 
could be epilated in the scrotal midline [13]. Based 
on the assumption that the blood supply of the 
tunica dartos is distributed similarly to the blood 
supply of the superficial external pudendal vessels, 
the author believes that the skin islands would be 
reliable only if mobilized on the lateral blood supply 
(ie, the posterior scrotal vessels) versus the septal 
perforators. In contrast, as mentioned, Gil Vernet 
has reported good results from mobilizing medial 
scrotal skin islands on the septal blood supply. 


It is well known that scrotal skin can be con- 
tracted by the muscular component of the tunica 
dartos. Only strict attention to tailoring can pre- 
vent creation of redundant islands. The author 
has found that correct tailoring requires a design 
that precisely fits the urethrosotomy defect and 
stretches the tunica dartos to its extremes. 


Elevation technique 


The hairless scrotal skin island is identified 
before shaving the patient (Fig. 4). The island is 
carefully marked, and the genitalia prepared and 
draped in the usual fashion. In most cases the 
patient is placed in the lithotomy position. The 
incision to access the bulbous urethra is modified 
to avoid interference with the tunica dartos. After 
identifying and carefully recording the dimensions 
of the defect to be corrected with the onlay, a 
“negative” is tailored from the non-hirsute scrotal 
skin (Fig. 4A, B). 

The author has found that these islands are best 
placed in a lateral or dorsal urethrostomy because 
the island and its associated dartos fascial flap 
transpose more smoothly when the onlay is more 
dorsal. Furthermore, having the flap supported 
against the triangular ligament and corpora cavern- 
osa appears to be beneficial (Fig. 4C, D). 


Results 


With careful attention to tailoring, large num- 
bers of these flaps have been successfully used at 
the author’s center. At the time of this writing, 
more than 90 patients have had scrotal skin island 
reconstruction and continue to enjoy >90% long- 
term success. In addition, the Lahey Clinic has 
closely followed a large series of hairless scrotal 
island reconstructions, which have also enjoyed 
excellent success [14]. 


Perineal artery flap 


The cuticular vascular territory of the perineal 
artery flap is precisely identified; the medial bor- 
der of the skin island is the groin crease lateral 
to the scrotal edge, and it extends to a point of 
the mid-perineum ~3 cm lateral to the anal verge 
(Fig. 5). As defined by Wee and Joseph, maximal 
safe dimensions of the flap identified a skin island 
<6 cm wide and <15 cm long [9]. Circulation dis- 
tal to 15 cm is random, however, and with atten- 
tion to the distal tip and maneuvers such as 
fluorescein staining, longer skin islands (ie, up to 
18 cm) can be successfully elevated. 
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Fig. 4. Technique of scrotal skin island flaps. Inset notes that the skin island is marked in the midline, prior to shaving. 
In many individuals there are significantly large areas of non-hirsute skin. Note that the perineal incision must be 
modified to accommodate elevation of these islands on the lateral tunica dartos. (A) The bulbous urethra is mobilized 
and detached from the triangular ligament and corpora cavernosa. (B) A dorsal or dorsolateral urethrotomy is created. 
The urethrotomy defect is very carefully measured; the skin island is then elevated on the tunica dartos. (C) The island is 
transposed to the area of onlay. (D) The onlay is completed. (From Campbell’s Urology Chapter 110, 8" Edition. 
(currently in press), W.B. Saunders.) 


ous dissection of the perineum. The lateral margins 
of the cuticular vascular territory are carefully 

The patient is generally placed in the lithotomy marked, and a skin island is placed in it that 
position for flap elevation. Whenever possible it adheres to the patient’s reconstruction needs, with 
is beneficial to elevate the skin island before vigor- the incision carried down to include the fascia. In 


Elevation technique 
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Fig. 5. Cuticular vascular territory of the perineal artery 
flap. 


many cases an island is fashioned on the tip of the 
flap and a portion of the flap is de-epithelialized, 
allowing for easy transposition of the island to the 
perineal area (Fig. 6A). The skin island can be 
configured as an onlay patch, oriented transver- 
sely on the tip of the flap or longitudinally along 
the flap (Fig. 6B). Although the skin islands can 
be tubed (as with any urethral reconstruction), 
tubing should be avoided whenever possible 


Fig. 6. A skin island is carried on the tip of the fascial 
flap. (A) Transverse onlay is accomplished. (B) Long- 
itudinal onlay is accomplished. (C) Tubed interposition 
can be accomplished, 


Fig. 6 (continued) 


(Fig. 6C). The skin island can also be placed into 
a perineal urethrostomy to be incorporated later 
into urethral continuity by means of staged delay 
techniques. 


Results 


The largest experience with the perineal artery 
flap in urethral reconstruction is from the Lahey 
Clinic, reported by Zinman in 1997 [14]. Of nine 
high-risk patients in whom variations of this flap 
technique have been used, five underwent onlay 
patch reconstruction, two underwent tubed sin- 
gle-stage reconstruction, two were managed with 
a staged delay technique, and several patients 
had undergone prior radiation therapy. At the 
time of this report all patients were enjoying suc- 
cessful reconstruction with healing of both the 
urethra and the donor site wound. 
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Conclusions 


Although the described scrotal and perineal 


flap techniques do not represent the first-line of 


consideration for urethral reconstruction, these tech- 
niques have been successful and clearly represent 
a necessary component of the armamentarium 
for reconstructive surgery in complex, high-risk 
patients. Because of the robust vascularity of 
perineal artery flap, it appears to be ideally suited 
for patients have strictures resulting from radia- 
tion therapy. Hairless scrotal skin islands have 
been proven to be more dependable. In pati- 
ents whose grafts are not appropriate and in whom 
penile skin is not available for transfer, these 
flaps represent an excellent option. 
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Urethral strictures are common after the treat- 
ment of benign prostatic disease and prostate can- 
cer. They include the well-known entities of 
bladder neck contracture after transurethral resec- 
tion of the prostate (TURP), anastomotic stric- 
ture after radical prostatectomy, and the less 
common instances of prostatic, bulbar urethral, 
penile urethral, and fossa navicularis stricture, 
which can occur after any urethral instrumenta- 
tion. The practicing urologist must necessarily 
become expert in the repair of these common 
complications. 


Definition of stricture 


No one definition of urethral stricture is uni- 
versally accepted. Based on calibration of over 
4000 male urethras, Nielsen and Nordling pro- 
vided the most liberal definition by stating that 
any portion of the urethra measuring less than 
22F is strictured [1]. More conservative estimates 
were offered by Emmet [2], who said that stric- 
tures do not become symptomatic unless they 
are 18F or less. The truth is that even this more 
restrictive definition is inadequate; in some 
patients, strictures smaller than 18F are asympto- 
matic; in others, 50% of strictures larger than 18F 
have been symptomatic [3]. 

Some urologists have tried to define a stricture 
by its effect on voiding, stating that patients with a 
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maximal urinary flow rate (Qmax) below 10 mL/ 
second after TURP should be evaluated for ure- 
thral stricture or bladder neck contracture [1], 
while bladder decompensation begins only when 
Qmax falls below 7 mL/second [4]. Even so, the 
sensitivity and specificity of detection of urethral 
strictures based on a uroflow cutoff of 10 mL/ 
second are only 62% and 96%, respectively [5]. It 
is believed that stricture must be <10F to result 
in this degree of obstruction [6]. In any case, most 
stricture diagnoses are made from a variety of 
clinical factors: voiding difficulties, urethral nar- 
rowing on retrograde urethrography (RUG), 
voiding cystourethrography (VCUG) or cysto- 
scopy, and a typically flat, box-shaped uroflow 
pattern [1]. 


Clinical evaluation of stricture 


The first step in recognition of post-operative 
stricture is a high index of suspicion. After TURP 
or another procedure aimed at relieving obstruc- 
tion, recurrence of obstructive symptoms in the 
first year should prompt an evaluation for stric- 
ture. This evaluation should consist at least of a 
uroflow analysis and post-void residual urine 
determination. Sounding of the urethra in the 
clinic with a catheter will also rule out most signi- 
ficant strictures. Cystoscopy or RUG should be 
used aggressively. Some authors have reported 
that RUG is not ideal for evaluation of the poster- 
ior urethra and that VCUG is preferable [1]. The 
authors often use a combined approach, perform- 
ing RUG and VCUG (when possible) at the same 
setting. 
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Stricture after radical prostatectomy 
Incidence 


The incidence of anastomotic stricture after 
radical retropubic prostatectomy (RRP) has been 
reported to range from 7% to 17% [7-12]. In high- 
risk patients such as those undergoing “salvage” 
prostatectomy after external-beam radiation ther- 
apy (XRT) the rate climbs to 25% [11]. The mean 
time to develop an anastomotic stricture has been 
reported to range from 4 (+2) [13] to 10 (+11) 
months [8]. In any case, most patients become 
symptomatic in the first year after surgery 
[11,12]. More recent studies generally report fewer 
strictures, likely reflecting improvements in tech- 
nique and patient selection. 


Risk factors 


General 
Why urethral strictures develop after radical 
prostatectomy (usually at the bladder—urethra 


anastomosis) is unknown. The sheer number of 


potential causes discussed in the literature (17 by 
the authors’ count) means that none satisfactorily 
explains the phenomenon. Several factors have 
been eliminated: prostate size [14], patient age, 
cancer volume, capsular penetration, lymph node 
involvement, seminal vesical involvement [10], 
and cancer recurrence [8,15]. In two studies prior 
history of TURP did not increase the subsequent 
stricture rate [8,13] while in two other studies it 
doubled [16] or even tripled [12] the stricture rate. 
Intraoperative blood loss is also thought to relate 
to the risk of anastomotic stricture; in one study 
estimated blood loss was 50% higher in a group 
that ultimately developed stricture [8]. This is 
likely an indirect effect, however; increased blood 
loss might be associated with poor visualization 
and increased technical difficulty—factors result- 
ing in a less meticulous bladder anastomosis. 


Anastomotic risk factors 

The Vest method of indirect bladder anasto- 
mosis, reported in the 1970s, unquestionably 
increases the risk of anastomotic stricture, but this 
is seldom, if ever, performed today. Vest anasto- 
mosis—which does not call for direct mucosal 
apposition—at least doubles the stricture rate 
(from 14% to 29%) [14] and might quadruple it [17]. 

Although no randomized, controlled studies 
have been reported, a bladder neck sparing techni- 
que might also decrease the incidence of bladder 
neck contracture. This is in contrast to the more 


common technique of resecting then reconstruct- 
ing the bladder neck in a “tennis racket” fashion. 
In one study the incidence of anastomotic stric- 
ture after bladder neck sparing was only 0.5% [16]. 

Anastomotic strictures are thought to be 
caused by anastomotic ischemia, which itself can 
be worsened by microvascular disease, which is 
often associated with diabetes, hypertension, or 
coronary artery disease [8]. This theory has 
prompted some investigators to propose wrapping 
a flap of rectus abdominis muscle around the ure- 
thral anastomosis (“rectus abdominis muscle ure- 
thromyoplasty”) to increase the periurethral blood 
supply [18]. This technique has not yet been stud- 
ied sufficiently to recommend or condemn it. 

Even the number of anastomotic sutures has 
been hypothesized to affect subsequent stricture. 
Four sutures are thought to be too few; six to 
eight sutures are ideal [12,19]; however, no sup- 
porting randomized trials have yet been reported. 
The underlying theory is that too few sutures can 
result in anastomotic leakage, and too many can 
result in anastomotic ischemia. Poor results after 
anastomotic leakage have not generally been seen 
in the literature, however; at least three studies 
report no increase in the stricture rate [13,14,17], 
although a study showing the opposite by Surya 
et al [12] cannot be ignored. In their report pa- 
tients with significant urinary extravasation after 
radical prostatectomy had a 54% chance of anas- 
tomotic stricture, while others had only a 3% rate. 
Placement of suprapubic tubes to improve uri- 
nary drainage, or periurethral drains to remove 
collected urine were not protective, however. 

Closing the bladder neck too narrowly was 
shown by Catalona and Basler [20] to worsen sub- 
sequent anastomotic stricture. An 18F bladder 
neck closure had an 8% chance of stricture while 
a 22F to 24F stricture had a much lower rate 
(0.6%). Mucosal eversion was also reported to 
be important for decreasing the stricture rate, 
although no specific randomized trial of this tech- 
nique has ever been performed. 

Other factors are also associated with risk of 
stricture. For instance, accidental intercalation 
of silk sutures (used to ligate the dorsal vein com- 
plex) into the urethral anastomosis was thought 
to be causative in a small but significant num- 
ber (11%) of strictures reported by one group 
[12]. Lastly, although never completely studied, 
perineal prostatectomy appears to be protec- 
tive against anastomotic strictures. One group 
reported a 0% risk in a small group of patients 
who underwent perineal prostatectomy [14]. 
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Treatment 


Endoscopic 

Endoscopic treatment for stricture has had 
some success after a radical prostatectomy [10], 
though even repeated courses of dilation and 
bladder neck incision will ultimately fail in as 
many as 27% to 75% [8,15]. Failure of first or sec- 
ond courses of treatment is common (Table 1). 
Although some patients are consigned to an inde- 
finite course of repeat urethral dilation [12,13,15], 
experts generally recommend open, one-stage 
repair [11,21,22]. 

Anastomotic strictures can be dilated by sev- 
eral means: filiforms and followers, Goodwin 
sound dilation over a wire, or the newer technique 
of fluoroscopically guided balloon dilation. This 
last technique has been recommended by some 
[21,23], citing a 59% success rate compared with 
only 38% for sounds [23]. If the first balloon dila- 
tion fails a second has a low (2/6) chance of suc- 
cess [23]. Other authors have found no benefit to 
balloon dilation over standard techniques [8], 
which have a reported 28% to 58% success rate 
[8,12]. Some authors recommend the following 
treatment sequence: dilation, incision, and open 
repair. Others suggest that dilation be repeated 
as often as necessary for 6 months before giving 
up and trying open repair [12]. 

Although incision is often advocated after fail- 
ure of dilation, at least one author has found it no 
more efficacious than continued dilation attempts 
[8]. Caution is warranted because in one small 
series [12] hot-knife incision was associated with 
incontinence in three quarters of patients; cold- 
knife incision is thought to be safer [8]. Some 


Table 1 


authors advocate deep incision of the scar down 
to periprostatic fat [24], but failure rates after even 
the deepest scar incision can be dismal (62% to 
70%) [11,12]. A more aggressive approach is com- 
plete endoscopic resection of the anastomotic 
stricture. This must be approached with caution 
because it has a high rate of incontinence [11], 
and in one study it did not appear to give better 
results than more conservative therapies [24]. 


Open and minimally invasive treatments 

The large numbers of patients who undergo 
TURP, simple prostatectomy, radiotherapy, radi- 
cal prostatectomy, or other treatments for pros- 
tate disease should theoretically produce a large 
number of patients with post-procedure strictures. 
Further, the relatively high failure rates of conser- 
vative therapy should result in a significant per- 
centage of patients with resistant strictures that 
require definitive open therapy. Despite this, the 
literature reports only ten such patients treated 
by open techniques [21,22,25,26] and another nine 
patients treated by what can be called “minimally 
invasive” techniques such as endourethroplasty, 
core-through “cut-to-the-light” procedure, or ure- 
thral stent (Table 2) [15,27,28]. No more than four 
patients are presented in any one of these series. 

Although the minimally invasive procedures 
are tempting by virtue of their simpler technique 
and potentially lower morbidity than open sur- 
gery, they are largely unproven and not com- 
monly reported. The core-through procedure, for 
instance, is associated with a need for indefinite 
self-dilation in 75% of patients [15] and thus 
seemingly adds little to repeat dilations by the 
urologist whenever the obstruction recurs. The 


Success rates of endoscopic treatment after radical retropubic prostatectomy 


Treatment number 


Procedure First Second Third >Three 
Cold-knife incision 
Ramchandani et al [23] z 3/10 (30%)" Š 2 
Surya et al [12] - 3/8 (38%)? - - 
Borboroglu et al [8] 8/14 (57%) = - a 
Dalkin [9] 8/10 (80%) - - $ 
Balloon dilation 
Ramchandani et al [23] 16/27 (59%) 3/4 (75%) = x 
Borboroglu et al [8] 12/20 (58%) - - = 
Filiform/follower or Van Buren dilation 
Surya et al [12] 2/5 (40%) 


Borboroglu et al [8] 10/18 (58%) 


0/3 (0%) 1/3 (33%) 0/2 (0%) 


2 After dilation failure. 
> After multiple dilation failures. 
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Table 2 
Reported strictures not treated by conventional methods* 


Number 


Report of patients 


Procedure 


Outcome 


Minimally invasive repair 
Carr and Webster [15] 4 


Milroy [28] 
Chiou et al [27] 

Open repair 
Webster and Sihelnik [26] 1 
Wessells et al [22] 4 
Schlossberg et al [21] 2 


nu 


Grabe and Hellsten [25] 


w 


Optical urethrotomy and 
long-term self-dilation 

UroLume stent 

Endourethroplasty 


Anterior bladder tube 
Various open techniques 
Combined perineal and 

abdominal repair with pubectomy 
“Bladder neck reconstruction” 


75% require long-term 
self-dilation 

Success 

Success 


Success, incontinent 
Success, all incontinent 
Success (difficult, 

time-consuming) 
Not reported 


% je, not by dilation or incision. 


core-through procedure has been condemned 
by some urologists because the proximity of the 
operative field to the rectum results in a high chance 
of rectal injury [15]. The UroLume® (American 
Medical Systems, Minnetonka, MN) endopros- 
thesis has been associated with complications such 
as migration, pain, and stricture recurrence [29], 
which limit its utility. Removal of the UroLume 
when necessary, is difficult and can result in ure- 
thral obliteration along the entire area in which it 
was placed. Even the authors reporting its success 
caution against its indiscriminate use [28]. Future 
research might illuminate the role that minimally 
invasive treatment can play in urethral stricture. 

Open repair of recalcitrant strictures resulting 
from the treatment of prostate disease is also 
not commonly reported. Grabe and Hellsten [25] 
performed open bladder neck reconstruction in 3 
of 12 patients, but did not report their success 
or complication rates. Webster and Sihelnik [26] 
performed a similar procedure with good results 
in 1 of 5 patients with strictures after simple and 
radical prostatectomy. Schlossberg and colleagues 
[21] reported the success of combined perineal and 
abdominal repair in two patients with posterior 
urethral obliteration after radical prostatectomy. 
Achieved by way of a modified perineal approach 
similar to a perineal prostatectomy, this might 
avoid transection of the external sphincter and 
theoretically might decrease the chance of new 
postoperative incontinence [21]. This perineal 
approach might limit adequate exposure of the 
urethra, especially when extensive mobilization is 
required [22]. 

In the authors’ experience in 32 consecutive 
patients referred with strictures resulting from 


the treatment of prostate cancer and benign pros- 
tatic hyperplasia (manuscript in preparation), 
the authors found that anastomotic urethroplasty, 
when feasible, had a 100% success rate, even with 
prior irradiation or dilation/incision. Vascularized 
tissue transfer techniques, when required, had an 
initial failure rate as high as 43%, but 97% of these 
patients were rendered stricture-free by a single 
follow-up direct vision internal urethrotomy 
(DVIU) or dilation. If tissue transfer is required, 
vascularized flaps are recommended over free 
grafts [22] because the blood supply of the graft 
bed can be tenuous in these patients. Some urolo- 
gists have advocated the aggressive solution of a 
continent urinary reservoir after failure of endo- 
scopic treatment [15], but the authors feel that 
the high success rate of urethroplasty—even in 
the most difficult cases—argues against this radi- 
cal solution. 

The authors have gained wide experience with 
difficult anastomotic urethroplasties by way of the 
perineal approach by treating patients with pos- 
terior urethral distraction injuries, so the authors 
now attempt most of these repairs by way of a 
perineal incision. The authors do not hesitate to 
use a combined abdominal-perineal approach 
should significantly more surgical exposure be 
required. Although many of the authors’ patients 
undergoing urethroplasty by way of a combined 
or perineal approach were incontinent before sur- 
gery, new incontinence has not occurred in any 
patients thus far (N = 24). This is surprising, but 
consistent with a 1976 report by Colapinto and 
McCallum [30], who found that incontinence 
was uncommon (4/33 patients, 12%) in patients 
undergoing bulbar urethroplasty after TURP. 
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These patients had a two-stage perineal urethro- 
plasty that necessarily divides the external sphinc- 
ter. Presumably, TURP had also rendered the 
bladder neck incompetent, so it is puzzling that 
the reported rate of incontinence was not higher, 
as theory would dictate. Turner-Warwick likewise 
reported a low incontinence rate (20%) in a similar 
population [31]. 


Stricture after transurethral resection 
Incidence 


The incidence of stricture after TURP, when 
vigorously investigated on the basis of patient 
symptoms, uroflow, urethrography, urethral cali- 
bration, and urethroscopy, ranges from 10% to 
22% [1,32,33]. The wide discrepancy in rate 
reflects differences in patient population, follow- 
up methods, and the number of patients returning 
for follow-up. 

Unlike post-gonococcal strictures, which can 
take 20 years to form, post-TURP strictures occur 
soon after surgery, usually within 6 months [1]. 
Although TURP commonly causes stricture of 
the bladder neck resection bed, so called “bladder 
neck contracture,” stricture can occur anywhere 
in the urethra including the fossa navicularis 
(1% to 8%) [34,35], bulbar urethra (4%) [35], 
and, less frequently, in the pendulous urethra 
[36]. Strictures must be aggressively investigated 
because up to 50% of patients with “significant” 
stricture will not have symptoms [1]. 


Risk factors 


General 

Many factors have been determined not to 
influence the risk of stricture after TURP: pre- 
operative urinary tract infection [37,38], length of 
resection time [38], weight of prostate resected 
[32,37,38], or duration of urethral catheterization 
[38]. A single study did show a significantly 
increased risk of stricture in patients who required 
resection of >40 gm [39], but this has not been 
confirmed in subsequent reports. 

The causes of urethral stricture after TURP are 
many. One hypothesis is that strictures result from 
extravasation of urine into tissue after surgically 
induced mucosal injury [37]. Hammarsten and 
colleagues furthered this theory by suggesting that 
transurethral catheterization after TURP worsens 
the rate of stricture formation, perhaps by aggra- 
vating urethral inflammation or by promoting 
infection [35]. Hammarsten and Lindqvist then 


showed that patients who were given the oral qui- 
nolone norfloxacin for 14 days after TURP were 
significantly less likely to develop stricture [40]. 
This effect was robust, decreasing the incidence 
from 15% to 3%. The authors propose decreased 
bacterial infection as the cause, although this 
explanation has been called into question by more 
recent evidence showing that quinolones have 
potent anti-inflammatory effects independent of 
their antimicrobial action [41,42]. There is further 
supportive evidence that such a robust benefit of 
quinolone antimicrobials could owe to effects 
other than their tendency to eradicate urinary 
tract infection (UTI); some studies have shown 
no more postoperative UTIs in patients who 
developed strictures after TURP than in those 
who did not [25,36]. 

The quinolone effect and the theory that post- 
operative infection increases the risk of stricture 
are not without merit, however. In one study, 
the cephalosporin (non-quinolone) antimicrobial 
cefotaxime decreased the stricture rate from 11% 
to 2% [25]. A few studies have shown postopera- 
tive UTI to be associated with a three- to four- 
fold increase in stricture [43,44], and further 
investigation is warranted to clarify this field of 
contradictory reports. 


Intraoperative urethral abrasion 

Urethral abrasion during TURP is also a likely 
cause. Factors that might be associated with more 
abrasion (eg, larger resectoscope [36], longer oper- 
ative time [38], more tissue resected [32,37,38]) 
have not shown a significant difference in most 
studies. A more sophisticated explanation might 
be that a mismatch between the size of the resec- 
toscope and the urethra might result in significant 
urethral abrasion and subsequent stricture [1,2, 
37,39] because even routine use of 28F sheaths 
has not been associated with a higher stricture rate 
[36]. In fact, completely avoiding urethral contact 
by operating through a perineal urethrostomy or 
decreasing abrasion by performing preoperative 
urethral incision reportedly decreases the inci- 
dence of subsequent stricture significantly, by 
seven-fold [32]. Routine panurethral incision with 
an Otis urethrotome to 27F before TURP has 
resulted in some of the lowest post-TURP stric- 
ture rates ever reported (0.24%) [45]. One study 
examining preoperative Otis urethrotomy in a 
randomized fashion saw a four-fold decrease in 
strictures, from 16% to 4% [38]. A less invasive ap- 
proach that is advocated for decreasing the risk of 
fossa navicularis strictures is internal meatotomy 


422 R.A. Santucci, J.W. McAninch | Urol Clin N Am 29 (2002) 417-427 


to a size 2F larger than the resectoscope [46]. 
Studies proving the efficacy of this approach have 
not been published, although one report did find 
more strictures when the entire urethra was dilated 
before TURP [47]. This is surprising because these 
and other researchers have had great success with 
preoperative panurethral incision with an Otis 
urethrotome [38]. Despite remarkably fewer stric- 
tures after performing TURP through a perineal 
urethrostomy or after preoperative urethral inci- 
sion with the Otis urethrotome, these procedures 
are not commonly performed. 

Some urologists have hypothesized that cur- 
rent leakage might be responsible for urethral 
injury and subsequent stricture, but this has not 
been proven [1]. Although 8% to 10% of the elec- 
trical current to the cutting loop is actually dis- 
persed along an uninsulated sheath [48], only 
one study showed that an insulated Teflon sheath 
reduced stricture rates, from 12% to 8% [38]. 


Postoperative urethral catheterization 

Finally, post-operative irritation from urethral 
catheterization likely contributes to post-TURP 
stricture, although studies have been unable to 
show a difference among catheter materials or 
sizes [36]. In one trial [35] avoiding urethral cathe- 
terization entirely by placing only a suprapubic 
tube postoperatively decreased the stricture rate 
from 17% to 4%. As with Otis urethrotomy and 
pre-operative perineal urethrostomy it is rare for 
practitioners to place suprapubic tubes after 
TURP despite good evidence that it significantly 
decreases stricture rates. 

Catheter materials vary widely in their toxicity 
to urothelium, yet, as noted above, several studies 
have not shown a difference in stricture rates with 
different materials [33,36,44]. It is possible, how- 
ever, that the catheters studied (Teflon-coated 
latex versus polyvinychloride [PVC]) were all 
equally inert. In studies of rat bladders [49] silicone 
resulted in the least tissue inflammation (“minimal 
changes”) while plastic, latex, and rubber catheters 
induced increasingly more inflammation. Indeed, 
rubber catheters caused total epithelial destruc- 
tion with gross inflammatory infiltrate and exu- 
dates. “Bad batches” of catheters have also been 
reported, in which even silicone or latex caused 
an intense inflammatory reaction. This occurred 
most notably in Britain in the early 1980s when 


a batch of latex catheters created an epidemic of 


strictures in patients catheterized for even a short 
time after TURP or a cardiopulmonary bypass 
[50,51]. 


Regardless of the material, only very long pe- 
riods of catheter drainage are associated with 
increased stricture risk. With 42 days there is a 
21% risk; with 2 days, only a 5% risk [44]. This 
same study found a dose-response effect: stricture 
risk increased to an intermediate level (14%) in 
patients catheterized for 7 to 21 days [44]. 


Other risk factors 

Some unexpected factors have also seemingly 
contributed to urethral stricture after TURP. 
Wide use of the topical anesthetic tetracaine pre- 
operatively (3% solution in lubricating jelly) was 
found to increase the risk 15-fold [48]. Although 
tetracaine HCL is indicated for ophthalmic appli- 
cation, it is toxic to the cornea with chronic use 
[52], so perhaps this finding of urethral toxicity 
is not surprising. 

Another study reported that the presence of 
unanticipated prostate cancer in the TURP chips 
was associated with increased stricture formation 
(19% versus 5%) [44]. The researchers felt that this 
effect did not indicate recurrence. 


Classi 


ication of post-TURP strictures 


A scheme of classifying iatrogenic posterior 
urethral strictures has been proposed by Pansa- 
doro and Emiliozzi [24]. In Type I only the blad- 
der neck is strictured (Fig. 1A); in Type II the 
midpoint of the prostatic fossa is strictured 
(Fig. 1B); in Type III the entire prostatic fossa is 
replaced by stricture (Fig. 1C). This classification 
appears to be functionally significant; cure rates 
after hot-knife incision of post-TURP strictures 
are different for Types I, II, and III (Table 3). 


Treatment 


Endoscopic 

After TURP, endoscopic treatment of bladder 
neck contracture can be frustrating. Nearly all 
patients need more than one treatment; two thirds 
of patients in one small study required multiple 
treatments [18]. Bladder neck incision as the initial 
treatment fared no better in another study: repeat 
procedures were required as often as after dilation 
(42%) [8]. The mean number of treatments in this 
series was six, with a range of three to nine 
required. 

Total failure of endoscopic treatment is com- 
mon. In one report [9] repeat dilation of bladder 
neck contracture failed in 58% (no cure after 3 dila- 
tions). In another report [25] open repair was 
required after failure of both dilation and bladder 
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neck incision in up to 21% of patients. Some 
authors acknowledge the failure of endoscopic 
treatment of bladder neck contracture by simply 
scheduling patients for dilation every 3 months [13]. 


Resection 

In a 1977 study by Mobilio and colleagues [53] 
transurethral resection of bladder neck contrac- 
ture after open prostatectomy was reportedly 
effective. “Excellent” or “satisfactory” results 
were achieved in all of their 39 patients. This tech- 
nique was significantly less efficacious when used 
to treat more distal strictures located in the pros- 
tatic urethra, however. More recently, Pansadoro 
and Emiliozzi [24] have reported resecting scar tis- 
sue in Type II and III strictures (Table 3). 


Stricture after external beam radiotherapy 


Standard external beam radiotherapy (XRT), a 
common treatment for prostate cancer, results in 
stricture rates as high as 11% in those who have 
not previously undergone TURP, and 20% in 


those who have [54]. However, contemporary 
techniques (eg, three-dimensional conformal 
radiotherapy) that decrease the dose of energy 
delivered to nonprostatic tissue have lowered the 
stricture rate to a more reasonable 1% to 4% 
[55]. Studies that focus on post-XRT strictures 
are not common, but in one report endoscopic 
repair was ultimately successful in all 26 patients 
with post-XRT strictures [54]. 


Stricture after other procedures 


Procedures that are less common than TURP 
and radical prostatectomy also have an associated 
risk of urethral stricture. The stricture risk of sim- 
ple open prostatectomy is 4% to 28% [34,56]; in 
transurethral microwave thermotherapy the risk 
is 0% to 11% [57,58]; in prostate electro-evapora- 
tion the risk is 4% [59]; in high-wattage TURP 
with newer thick resection loops the risk is 3% 
(“Wedge,” Microvasive) [60]; and in visual laser 
ablation of the prostate the risk is 2% [61]. 


Fig. 1. Anatomic characteristics of strictures classified according to Pansadoro and Emiliozzi [48]. (A) Type I. (B) Type 
IL. (C) Type 111. (From Pansadoro V, Emiliozzi P, Defidio L, et al. Urethral stricture following transurethral resection of 
the prostate. The role of local anaesthetics. Br J Urol 1993;72:930-2, with permission from Elsevier Science.) 
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Fig. 1 (continued) 
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Table 3 
Hot-knife incision of post-TURP strictures: success rates 


Success rates 


Type" First incision Second incision 
1 51/59 (86%) 3/8 (38%) 
n 43/46 (93%) 2/3 (66%) 
mm? 11/17 (65%) 216 (33%) 


fication of Pansadoro and Emiliozzi [24]. 
b In Types Il and III, hot-knife incision was followed 


by scar resection. 


Conclusions 


Urethral strictures, including bladder neck 
contracture and anastomotic stricture, are com- 
mon after treatment for prostate disease. 
Although newer techniques might ultimately 
lower the risk of stricture, they do not eliminate 
it entirely. Endoscopic treatments for these stric- 
tures often fail. Open repair, while sometimes 
technically challenging, can have a success rate 
as high as 100% (anastomotic urethroplasty). 
Urologists must maintain a high index of suspi- 
cion for this complication and plan curative open 
therapy when endoscopic techniques fail. 
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Traumatic disruption of the prostatomembra- 
nous urethra occurs in approximately 10% of 
men with pelvic fracture, blunt trauma from 
motor vehicle accidents, or occupational injuries 
accounting for at least 90% of cases [1-3]. In this 
review the authors address the etiologic and ana- 
tomic factors of posterior urethral disruption, con- 
troversies regarding the initial management of such 
injuries, options for delayed surgical repair of ure- 
thral distraction defects, complications of the inju- 
ries, and their management. 


Extent of urethral injury 


Generally, the magnitude of the injury will 
determine the extent of the initial vesicourethral 
dislocation and hence the length of the ultimate 
defect. The urethra is most often injured in frac- 
tures that disrupt the anterior pelvic ring but can 
also be injured with simple symphyseal diastasis 
[4,5]. In the least traumatic scenario the membra- 
nous urethra is elongated because of tearing of 
the vesicoprostatic attachments to the pelvic floor, 
allowing the bladder and prostate to ascend on an 
enlarging pelvic hematoma (Fig. 1). This can result 
in intramural fibrosis of the membranous urethra 
with functional impairment of the distal intrinsic 
sphincter mechanism, but generally a stricture 
does not develop. With more severe trauma, actual 
tearing of the urethra can occur. In approximately 
one third of cases a partial tear occurs with urethral 
continuity maintained (Fig. 2). In the majority of 
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cases, however, complete transection of the ure- 
thra occurs and the degree of initial urethral 
separation will be dictated by the size of the pelvic 
hematoma and intactness of the fascial attach- 
ments between the prostate and pelvic floor and 
pelvis (Fig. 3). The resulting “stricture” is techni- 
cally not a true stricture but rather a distraction 
defect as there is no urethral lumen per se between 
the two urethral ends [6,7]. 

In the majority of distraction defects the 
separation is minor, and with the passage of time 
the bladder and prostate will descend as the hema- 
toma is resorbed, resulting in a shorter urethral 
defect. The most disastrous scenario is that which 
follows massive trauma with resultant wide sepa- 
ration of the urethral ends and injury to other local 
structures including the bladder and rectum. Con- 
comitant bladder injury has been reported to occur 
in 18% of cases of posterior urethral disruption, 
and associated rectal injury, although less com- 
mon, has historically carried extremely high mor- 
bidity and mortality [8,9]. 


Classification of posterior urethral injuries 


Various classifications for posterior urethral 
injury have been developed. The most popular is 
that of Colapinto and McCallum [10], which clas- 
sifies injuries based on the appearance of the retro- 
grade urethrogram (Table 1). Goldman et al [11] 
modified this by including a concomitant bladder 
neck injury as Type IV. 

Type II injuries are considered to be so-called 
“classic” posterior urethral injuries, but a type 
III injury is more common [10,12]. It can be diffi- 
cult to identify the exact location of extravasa- 
tion on retrograde urethrogram (RUG), which 
therefore places limits on the usefulness of such a 
classification scheme [13]. 
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Fig. 1. Pelvic fracture with elongation injury to the 
urethra. Vesicoprostatic attachments to the pelvis are 
disrupted and the bladder has floated cephalad on a large 
hematoma, stretching the membranous urethra. How- 
ever, no disruption resulted. (From Webster GD. Manage- 
ment of complex posterior urethral strictures. Probl Urol 
198751304.) 


Anatomy 


Penile vascular supply is discussed elsewhere 
in this issue and will not be addressed here. The 
cavernous (erectile) nerves originate from the 
sacral plexus (S2,3,4) and course in neurovascular 
bundles along the posterolateral aspect of the pros- 
tatic urethra, taking a more lateral position at the 


Fig. 2. Partial tear of the urethra following pelvic 
fracture. Continuity of the urethra is maintained by 
extravasation, as seen on this retrograde urethrogram. 
(From Webster GD. Management of complex posterior 
urethral strictures. Probl Urol 1987;1:304.) 


Fig. 3. Retrograde urethrogram of complete urethral 
disruption. There is extravasation into the perineum 
with a lack of urethral continuity and no filling of the 
bladder. (Borrowed from Urologic Clinics 1989 16(2): 
283. Carl M. Sandler, MD and Joseph N. Corriere, Jr, 
MD. Urethrography in the Diagnosis of Acute Urethral 
Injuries.) 


membranous urethra before reaching their even- 
tual position ventral to the corporal bodies. Their 
route is important in preventing further erectile 
compromise. 

Erectile dysfunction (ED) is common immedi- 
ately following pelvic fracture injury. Many pa- 
tients ultimately do recover their erections, but it 


Table 1 Classification of posterior 
urethral injuries 


Type |: Membranous urethra stretched 
but intact; no extravasation 

Type Il: Partial/complete rupture of 
membranous urethra above urogenital 
diaphragm; extravasation into pelvis. 

Type Ill: Partial/complete rupture of 
membranous urethra extending into 
proximal bulbar urethra; extravasation 
into perineum 

Type IV: Concomitant injury to bladder 
neck 


(From Colapinto V, McCallum RM. Injury 
to the male posterior urethra in fractured pel- 
vis: a new classification. J Urol 1997;118:575 
as modified by Goldman SM, Sandler CM, 
Corriere JN, McGuire EJ. Blunt urethral 
trauma: a unified, anatomical mechanical 
classification. J Urol 1997;157:85.) 
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can sometimes take up to 2 years [14]. Permanent 
ED following a pelvic fracture injury is usually sec- 
ondary to neurogenic [15] or vasculogenic [16] 
insults due to the injury, but this might be com- 
pounded by the surgical procedure itself. 

Urinary continence in the male results from a 
sphincter mechanism located along the entire 
posterior urethra from the bladder neck to the 
bulbomembranous junction. It has two compo- 
nents: a proximal (or bladder neck) sphincter and 
a distal sphincter. The proximal sphincter is a 
cough (stress) competent mechanism, but opens 
in association with a detrusor contraction, whether 
voluntary or involuntary. The distal sphincter 
mechanism is confined to the 3 to 5 mm thickness 
of the wall of the posterior urethra from the level 
of the verumontanum down to the distal part of 
the membranous urethra. This intrinsic mecha- 
nism comprises slow-twitch striated muscle fibers 
capable of sustained contraction to maintain con- 
tinence. In addition, there is periurethral striated 
muscle that is related to the posterior surface of 
the membranous urethra and is capable of inter- 
rupting the voided stream momentarily but incap- 
able of maintaining continence in the absence of a 
functional intrinsic mechanism. For urinary conti- 
nence to be maintained, either the bladder neck 
sphincter or the distal intrinsic sphincter must be 
intact. Pelvic fracture injuries of the membranous 
urethra and their subsequent repair invariably 
destroy the distal intrinsic sphincter mechanism, 
making subsequent continence dependent on an 
intact bladder neck mechanism. 


Acute management of posterior urethral injuries 
Diagnosis 


Generally the trauma victim with a posterior 
urethral injury has suffered multiple injuries, and 
initial management is aimed at resuscitation and 
stabilization. Clinical signs that should raise suspi- 
cion of a posterior urethral injury include blood at 
the urethral meatus, the inability to void, and the 
presence of a perineal hematoma. If there is any 
suspicion of a posterior urethral injury, a RUG 
should be performed looking for extravasation of 
contrast. If no extravasation is seen, a Foley cathe- 
ter can be inserted and a cystogram or upper tract 
study can be performed as indicated. While cur- 
rently CT scans are routinely used in the evalua- 
tion of abdominal and pelvic trauma and might 
identify bladder rupture [17,18], a CT is not useful 
for diagnosing prostatomembranous injuries [19]. 


If it is felt that the patient urgently requires blad- 
der drainage but is too unstable to perform a 
RUG, the safest thing to do is place a percutane- 
ous suprapubic tube and evaluate the urethra once 
the patient is more stable. 


Management 


Historically, posterior urethral injuries were 
managed by early intervention to re-align or repair 
the urethra and drain the pelvic hematoma. This 
approach was associated with an unacceptably 
high rate of impotence and incontinence, so a shift 
toward a more conservative approach using im- 
mediate suprapubic catheter drainage followed by 
delayed urethroplasty was made [20]. With the re- 
cent advances in endoscopic techniques and 
the realization that, in general, the magnitude 
of the injury rather than the initial management 
is responsible for impotence and incontinence, 
the approach to managing these injuries is again 
mired in controversy. A rational approach is a 
compromise in which the timing and type of inter- 
vention are dictated by the magnitude of the injury 
and the presence of complicating injuries to adja- 
cent structures. 


Indications for acute surgical intervention 


Early surgical intervention is absolutely indi- 
cated when there is an associated injury to the rec- 
tum (generally identified by rectal examination) 
because the resulting contamination of the pelvic 
hematoma demands urgent management. In such 
cases the infected hematoma must be drained, the 
pelvic floor irrigated, and the urethra realigned over 
a fenestrated catheter. A sigmoid colostomy is also 
performed. 

Concomitant bladder injury occurs in 10% to 
20% of patients with urethral disruption [21] and 
is best diagnosed as extravasation on a cystogram 
or CT cystogram [17,18]. Laparotomy and closure 
of the bladder are necessary, but provided that 
the bladder neck is not torn, there is no reason 
to evacuate the pelvic hematoma, and delayed 
management of the urethral injury might still be 
appropriate. Should the bladder neck be involved, 
however, it is most important that it be carefully 
reconstructed in the early post-injury period, 
because after the membranous urethral disruption 
that predictably destroys the distal sphincter 
mechanism, continence will require its function. 
Bladder neck lacerations should be debrided care- 
fully and the bladder neck reconstituted around 
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the stenting catheter in hope that this procedure 
will preserve sphincter function. The timing of this 
repair should be based on the stability of the pa- 
tient; it might be prudent to initially place a supra- 
pubic tube then perform the surgery in the next few 
days. 

The final indication for early surgical interven- 
tion is wide separation of the urethral ends asso- 
ciated with massive pelvic hematoma. It is futile 
to anticipate that hematoma absorption will be 
complete or that after absorption the prostate will 
descend to an anatomic position, and it is likely 
that a very long stricture will result (Fig. 4). To 
avert a later heroic urethroplasty, early hematoma 
evacuation and re-approximation of the severed 
urethral ends is appropriate to minimize the length 
of the subsequent stricture. As noted above, how- 
ever, it might be advantageous to initially place a 
suprapubic tube and allow the patient to stabilize 
then perform hematoma evacuation and urethral 
realignment/repair [22]. In this way the retropubic 
hematoma will have had time to stabilize but not 
yet fibrose. 


Management options when indications 
for immediate repair are not present 


It is in this group of patients that the most con- 
troversy regarding management exists. There are 


Fig. 4. A combined urethrogram and cystogram in a 
patient with severe urethral separation following pelvic 
fracture. Early hematoma evacuation and re-approx- 
imation by re-alignment over a stenting catheter would 
be appropriate in such a case. (From Webster GD. 
Management of complex posterior urethral strictures. 
Probl Urol 1987;1:306.) 


essentially two schools of thought: those advocat- 
ing immediate or early intervention to repair or 
realign the urethra versus those advocating a more 
conservative approach with initial suprapubic 
catheter drainage followed by delayed repair of 
the resultant stricture/PFUDD. 

It is difficult to compare studies examining the 
various management strategies because of limited 
numbers of patients, limited follow-up, differing 
definitions of success and failure, and significant 
selection bias. Only in a randomized study could 
a definitive answer be given, but in the current 
medico-legal climate this is unlikely to be possible. 
Nevertheless, each type of management with res- 
pect to stricture recurrence and complications such 
as incontinence, erectile dysfunction, and bleeding 
will be addressed. 


Primary suture repair 


Primary suture repair involves retropubic hema- 
toma evacuation and urethral debridement fol- 
lowed by sutured repair over a stenting catheter. 
This technique is primarily of historical interest 
now as it has become clear that it is associated with 
a high incidence of incontinence and erectile dys- 
function [23]. 


Primary urethral realignment 


Primary re-alignment procedures involve the 
open placement of a catheter across the urethral 
defect to serve as a stent without formal suture re- 
pair. They generally involve using interlocking 
sounds or a railroading technique, whereby ante- 
grade and retrograde catheters are connected as 
they exit into the retropubic space to bridge the 
defect and subsequently place a catheter [24,25]. 
The potential advantage of this type of manage- 
ment is a reduction in the incidence and severity 
of stricturing compared to an initial suprapubic 
(SP) tube and delayed management. Nevertheless, 
re-stricturing is noted in at least 50% of patients 
[23] and has been reported in up to 100% of pa- 
tients [26,27]. This high rate might necessitate 
additional procedures (endoscopic or open) or 
intermittent catheterization [25]. While some argue 
that the need for periodic “office” urethral dila- 
tions is a minor inconvenience [24], the authors 
and others believe that the need for any subse- 
quent instrumentation constitutes a treatment fail- 
ure [28]. Complications such as incontinence and 
erectile dysfunction appear to be low in expert 
hands [24] and were reported to occur in 5% and 
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36%, respectively, in Koraitim’s review of 326 cases 
of primary realignment reported in the literature 
[23]. The risk of significant bleeding exists, particu- 
larly if the tamponade effect of the retropubic 
hematoma is lost following drainage, and this can 
turn a cautious procedure into a frantic attempt at 
hemostasis, which will increase the risk of the 
above-mentioned complications. Thus the proce- 
dure is best left in the hands of experienced sur- 
geons who are well versed in the techniques of 
pelvic and urethral surgery. 


Initial suprapubic catheterization 
and delayed repair 


The current vogue of an initial SP tube fol- 
lowed by delayed management of the resultant 
stricture arose from the observation that patients 
managed in such a fashion had a lower incidence 
of impotence and incontinence than those mana- 
ged by immediate repair [20,23]. While the major- 
ity of patients will develop a resultant stricture, 
there are some who heal without stricture forma- 
tion, particularly if there was only partial urethral 
disruption [29]. Furthermore, the strictures that do 
result are usually short (<2 cm) and amenable to a 
one-stage perineal anastomotic urethroplasty, as 
described later [1,30]. In two reviews of the litera- 
ture on this type of management incontinence was 
noted in <5% of patients and impotence in <20% 
of patients [20,23]. Since posterior urethral injury 
is not common, most centers will not have a large 
experience in managing these cases; thus manage- 
ment by an initial SP tube and referral for delayed 
repair will likely be preferable. 


Early endoscopic re-alignment 


Early endoscopic re-alignment is a compromise 
between immediate open re-alignment and initial 
SP tube and delayed management, and it is based 
on success obtained with delayed endoscopic re- 
pair (see later sections). Immediate urologic man- 
agement is placement of an SP tube followed by 
a delay of a few days to weeks so the associated 
injuries (eg, orthopedic, abdominal) can be man- 
aged and the patient stabilized. This delay also 
allows for stabilization of the pelvic hematoma. 
The patient is then brought to the operating room 
where, in general, a combined antegrade and retro- 
grade endoscopic approach is used to pass a guide 
wire or ureteral catheter across the urethral defect, 
and placement of a urethral catheter over the guide 
wire follows. The catheter is left in situ for 4 to 


6 weeks and is removed after confirmation of a 
lack of extravasation. The suprapubic catheter is 
removed when adequate voiding is achieved. 

Proponents of this treatment argue that it is a 
straightforward procedure that most urologists 
are capable of performing and it permits early re- 
alignment of the urethra, which might reduce the 
incidence and severity of stricturing and avoid 
the morbidity of open re-alignment or delayed 
urethroplasty [31,32]. Re-stricturing has been re- 
ported in 20% to 100% of patients undergoing the 
procedure, however [31-37]. This high rate necessi- 
tates repeat procedures (usually endoscopic) and, 
often, intermittent self-catheterization to maintain 
urethral patency, although this might be accepta- 
ble to patients [31]. The technique does not seem 
to increase the risk of incontinence or ED, which 
are related to the severity of the injury [31-37]. 
There are few series in the literature, however, and 
all are plagued by small numbers of cases and 
short follow-up periods. 

It is apparent that each type of management 
can be successful in select patients when performed 
by experienced surgeons. While it is agreed that the 
majority of impotence and incontinence is related 
to the magnitude of the initial injury, there is no 
question that their incidence might be worsened 
by injudicious use of aggressive interventions by 
inexperienced surgeons. Therefore, while no defi- 
nitive conclusions can be made regarding the most 
appropriate management technique, it is possible 
to make several recommendations. 

Immediate suture repair with evacuation of the 
pelvic hematoma should not be used unless there is 
a concomitant bladder neck injury that requires 
suture repair. Immediate open realignment is best 
left to surgeons who have a extensive experience 
with the various techniques, because the potential 
for disastrous complications (eg, hemorrhage) is 
significant. Early endoscopic realignment follow- 
ing immediate suprapubic catheter drainage is 
probably more suited to most urologists. A solid 
understanding of endoscopic anatomy is required, 
and again it should be anticipated that some type 
of stricture will result following the technique that 
will require additional procedures (eg, CIC, dila- 
tions, direct vision urethrotome [DVIU]). Extreme 
caution is necessary in performing these tech- 
niques due to the risk of creating a complex stricture 
by causing anterior urethral scarring, fistula, or 
rectal injury. The safest management strategy is 
simply placing a suprapubic catheter with delayed 
management of any subsequent stricture (see later 
sections). Subsequently, referral to a tertiary center 
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with expertise in urethral reconstruction for 
delayed stricture management is ideal. 


Delayed repair of PFUDD 


The delayed management of posterior urethral 
distraction defects falls broadly into two cate- 
gories: endoscopic procedures and open surgical 
repairs. Procedure selection will be dictated by 
the nature of the urethral defect (obliterative or 
non-obliterative), length of the defect, presence 
of complicating factors (eg, urethral cavitation, fis- 
tulae), and, to some degree, the treatment philoso- 
phy and experience of the surgeon. Generally, a 
period of 3 to 6 months is allowed to pass follow- 
ing the initial injury and SP tube placement. This 
allows for the resorption of the retropubic hema- 
toma and descent of the bladder and prostate. 

Radiographic studies are needed to identify the 
location and length of the defect as well as any 
other pathology (eg, fistula, bladder calculi) that 
would need to be addressed at the time of repair. 
A combined retrograde urethrogram antegrade 
cystogram (“up and down o-gram”) is performed 
for this purpose (Fig. 5) [1]. If verification of radio- 


Fig. 5. A combined cystogram and retrograde ureth- 
rogram in a patient with an obliterative posterior 
urethral stricture. This study identifies a 3-cm oblitera- 
tive segment. The posterior urethra fills down to the 
obstruction; however, earlier in the study, a competent 
bladder neck was noted. (From Webster GD. Manage- 
ment of complex posterior urethral strictures. Probl 


logic findings is needed, retrograde and antegrade 
rigid or flexible endoscopy can be performed, 
which can help in the assessment of bladder neck 
integrity and spongiofibrosis. Recently, MRI has 
been proposed as an adjunct for staging PFUDDs 
because it can accurately estimate the length of the 
defect and differentiate hematoma, fibrosis, and 
pre-existing prostatic enlargement [16]. 


Endoscopic repair 


Delayed endoscopic repair of PFUDDs was 
first described by Sachse in 1974 [38] and arose 
out of the dissatisfaction of some authors with 
open urethroplasty [39]. It is certainly only ap- 
plicable for PFUDDs that are are of short length 
[40]. The technique generally involves a combined 
antegrade and retrograde “above and below” ap- 
proach. As originally described, urethral continu- 
ity was established by passage of an antegrade 
metal sound through the suprapubic tract and ret- 
rograde incision toward the sound with a DVIU 
[39]. Advances in endoscopic technology have 
allowed the placement of rigid or flexible ante- 
grade endoscopes, enabling a “cut to the light” 
procedure to re-establish urethral continuity, fol- 
lowed by urethral dilatation and placement of a 
catheter [41]. The use of C-arm fluoroscopy can 
assist in planar orientation to ensure proper scope 
alignment [42]. The endoscopic placement of hol- 
low needles and guide wires through the scar prior 
to incision allows the precise identification of the 
area of continuity and thus the deliberate position- 
ing of incisions [43]. Alternatively, balloon dilata- 
tion over a guide wire can be performed without 
formal DVIU [44]. Some urologists advocate resec- 
tion of scar tissue [45] while others do not [42]. The 
end result is the re-establishment of urethral conti- 
nuity through the scar of the PFUDD. The cathe- 
ter is then left in situ for 4 to 6 weeks. 

While the procedure is often able to re-establish 
urethral continuity, re-stricturing following cathe- 
ter removal is common. Rates of 35% to 100% 
have been reported, necessitating additional endo- 
scopic procedures [41-49]. Because of this tendency 
to recurrence, several authors routinely performed 
elective DVIU following catheter removal or had 
patients perform CIC in an effort to prevent stric- 
ture recurrence [43,44,48]. Nevertheless, strictures 
still tended to recur. It has been reported that 
the urethra tends to stabilize within 1 year of this 
aggressive endoscopic management, however 
[45,46,49]. While the procedure does not seem to 
worsen incontinence or impotence rates compared 
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to other types of management [42,45], significant 
bleeding and rectal injury have been associated 
with the procedure, underscoring the importance 
of proper patient selection, instruments, and tech- 
nique [43,45]. Furthermore, the potential exists for 
traumatizing the anterior urethra and jeopardizing 
its elasticity to a degree that precludes subsequent 
anastomotic urethroplasty [50]. Goel et al did not 
find this to be the case in their 3 patients who 
required urethroplasty following prior endoscopic 
repair, however [43]. 


Open urethoplasty for PFUDD 


Perineal anastomotic urethroplasty 

While there is no panacea for the management 
of posterior urethral strictures, it is generally 
agreed that the optimal procedure is a one-stage 
anastomotic repair, preferably performed through 
the perineum alone [50-52]. This repair is remark- 
ably versatile and, by elaborating it as the authors 
shall describe, one can deal successfully with long 
obliterative strictures. It is only uncommon, extre- 
mely complex strictures that should require an 
abdominoperineal approach or substitution ure- 
throplasty [53,54]. 

The perineal anastomotic repair commences 
with perineal exposure of the bulbar and posterior 
urethra facilitated by a perineal Book-Walter re- 
tractor or perineal OmniTrac retractor. The first 
step of the procedure is circumferential mobiliza- 
tion of the bulbar urethra as far proximally as 
the obliterated segment (Fig. 6A). The proximal 
urethra is transected at the point of obliteration, 
and the urethra is then mobilized distally to a 
few centimeters distal to the crus (Fig. 6B). 

A descending urethral sound is passed through 
the suprapubic cystostomy and negotiated by 
“feel” through the bladder neck and into the prox- 
imal urethra. If the stricture is short and pelvic 
floor fibrosis minimal, the tip of the sound can be 
palpated easily in the dissection in the perineum. 
In these circumstances a one-stage perineal anasto- 
mosis can usually be assured. The pelvic floor scar 
is incised perineally until the tip of the sound is ex- 
posed and the prostatomembranous urethra spa- 
tulated posteriorly. The verumontanum should be 
visible in the floor of the spatulated opening. At 
this point it will be apparent whether a simple 
anastomosis will be possible or if further maneu- 
vers (see below sections) will be necessary to achieve 
a tension-free anastomosis [53,54]. These maneu- 
vers are performed sequentially, as needed to 
achieve urethral length, and include: 


+ Further circumferential mobilization of the 
distal urethra as far as the suspensory liga- 
ment of the penis. To prevent chordee, the 
dissection should not extend beyond the liga- 
ment, which can be incised to facilitate ure- 
thral elongation. After this mobilization, the 
healthy adult urethra can be stretched as 
much as 2 to 3 cm, which proves sufficient 
for anastomosis in 8% of the authors’ cases 

[55]. 

Separation of the proximal 4 to 5 cm of the 

corporal bodies beginning at the level of the 

crus distally, dissecting in the relatively blood- 
less plane between them (Fig. 6C). The urethra 
can be laid between the separated corporal 
bodies, which can shorten the distance for 
anastomosis by 1 to 2 cm and is sufficient 

for anastomosis in 41% of cases [55]. 

Inferior pubectomy. A 1.5 to 2 cm wide 

wedge of bone can be excised from the infer- 

ior surface of the pubis exposed by corporal 
separation (Fig. 6D). Routing the mobilized 
urethra between the separated corpora and 
through the bony defect will further shorten 
the distance to the prostatic urethra by 1 to 

2 cm and facilitates anastomosis in 28% of 

cases [55]. 

e Supra-crural re-routing. If the urethra still 
appears to be too short after the three pre- 
vious maneuvers, the urethra can be re-routed 
around the lateral surface of a corporal body 
(Fig. 6E). It is necessary to create a tunnel in 
the bone beneath the corporal body and com- 
municate this with the tunnel created by infer- 
ior pubectomy. The urethra is then laid in this 
pathway, re-routing it around the corporal 
body, which shortens the distance to the anas- 
tomosis by 1 to 2 cm. This is usually sufficient 
for the final 23% of cases [55]. 


Anastomosis 


Regardless of the approach, the bulbar urethral 
end is spatulated to achieve an anastomosis exceed- 
ing 40 French in caliber, and the anastomosis is 
performed with interrupted 4-0 polyglycolic acid 
sutures over a supporting 12 to 16 French fene- 
strated silastic catheter. The anastomosis is facili- 
tated by a long nasal speculum, and all of the 
sutures are inserted commencing at the 12 o’clock 
position and proceeding clockwise before being 
tied individually in the same order that they were 
inserted. The sutures are inserted using a needle 
modified into a J shape, which is advanced through 
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Fig. 6. Repair of posterior urethral stricture. (A) Through a perineal incision the urethra is circumferentially mobilized 
and released from its posterior attachments to the perineal body. (B) The proximal urethra is transected at the level of the 
stricture and then dissected distally as far as the suspensory ligament of the penis. (C) The corporal bodies are separated 
for approximately 5 cm beginning at the crus distally, exposing the dorsal penile vessels and inferior surface of the pubis. 
(D) The undersurface of the pubis can be excised with an osteotome or bone rongeur. The urethra will now course 
between the separated corporal bodies and through the bony defect to the prostatic apex, considerable shortening the 
distance. (E) Mobilized urethra can be transferred around a corporal body and through the bony defect on its way to the 
prostatic apex. This further shortens the distance and permits a tension-free anastomosis in difficult cases. (From Webster 
GD. Management of complex posterior urethral strictures. Probl Urol 1987;1:308-9.) 
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Fig. 6 (continued) 


the prostatic urethral edge from outside to inside. 
The point of the needle is retrieved within the pro- 
static urethra and advanced until clear and then 
withdrawn. 

Even if the anastomosis is performed perine- 
ally, a suprapubic cystostomy is used in addition 
to a fenestrated urethral catheter; periurethral and 
perineal drainage is by a suction drain. The drain is 
usually removed on the first day post-operatively 
and the patient is allowed immediate ambulation 
and discharged on the first or second post-opera- 
tive day. The urethral catheter stays in place for 
3 weeks, at which time a peri-catheter RUG is per- 
formed confirming the absence of extravasation. 
The supra-pubic catheter is removed following a 
successful voiding trial. Patients are then followed 
with serial RUGs at 3 and 12 months, then as 
needed. 

While re-stricture rates of up to 57% have been 
reported by some [26], in expert hands, results with 
this progressive perineal approach have been excel- 
lent with success rates, defined as not requiring 
additional instrumentation/procedures, achieved 
in >90% of patients [50,56,57]. The incidence of 
de novo erectile dysfunction is low [50,57], and if 
the patient has a competent bladder neck he will 
generally be continent [58,59]. This approach can 
also be used successfully in the majority of salvage 
posterior urethroplasties in patients who have had 
prior failed repairs [56,60]. 


Features that might make perineal anastomotic 
repair inappropriate 


The majority of PFUDDs are manageable with 
a one-stage perineal anastomotic urethroplasty. 
Factors that might render a one-stage perineal re- 
pair inappropriate occur in <5% of all cases. In 
some of these complex cases a one-stage anasto- 
motic repair can still be accomplished by a one- 
stage abdominoperineal anastomotic approach, 
but in others a one- or two-stage substitution ure- 
throplasty might be necessary. These complicating 
factors include the following. 


Long urethral defect 


Using the authors’ progressive approach, even 
defects as long as 7 to 9 cm can be managed peri- 
neally. However, some surgeons might be intimi- 
dated by the depth or inaccessibility of the 
anastomosis and resort to an abdominoperineal 
approach. The best management might be preven- 
tion with early intervention in patients who have 
massive pelvic hematoma following initial injury. 


Chronic periurethral cavity 


The pelvic hematoma that follows pelvic frac- 
ture injuries can liquify and evacuate through the 
urethra, resulting in a pelvic floor cavity that might 
epithelialize and communicate with the urethra. 
This (rarely) can become the site of chronic sepsis 
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and stone formation and might predispose to fistu- 
lization into the rectum or osteomyeli While 
these hematomas can sometimes be repaired peri- 
neally, often an abdominoperineal approach is 
required for complete excision and placement of 
an omental pedicle to fill the space once urethral 
anastomosis has been completed. 


Fistula 


Complicated fistula between the bladder, rec- 
tum, and urethra require careful radiographic 
identification, and their excision might require an 
abdominoperineal approach with omental buttres- 
sing. Fistula into the rectum might necessitate a 
protective sigmoid colostomy. 


Bladder neck incompetence 


Following posterior urethral injury, continence 
relies on the functional integrity of the bladder 
neck; the distal urethral mechanism is often dis- 
rupted as a natural consequence of trauma. The 
bladder neck might be non-functional either as a 
result of unrecognized or unrepaired injury at the 
time of pelvic fracture, prior resection or prosta- 
tectomy, or simply because of fixation in the peri- 
prostatic retropubic scar. In this event a successful 
posterior urethroplasty can be followed by incon- 
tinence. Bladder neck function can be assessed pre- 
operatively by endoscopy and cystography. An 
open bladder neck on cystogram and an obvious 
sector defect or scar on cystoscopy might suggest 
an incompetent bladder neck [58]. In such cases 
an abdominoperineal approach has been sug- 
gested so the bladder neck can be repaired or lysed 
from surrounding fibrosis at the same time as ure- 
throplasty to prevent incontinence [59]. Accurate 
preoperative diagnosis of an incompetent bladder 
neck is difficult, however, and as such a more con- 
servative approach, with primary posterior ure- 
throplasty followed by evaluation of bladder neck 
function if post-operative incontinence ensues and 
delayed bladder neck repair or insertion of artifi- 
cial urinary sphincter, is the authors’ recommen- 
dation [58,59]. 


Associated anterior urethral disease 


The perineal anastomotic repair requires 
the anterior urethra to be elastic and mobilizable 
based on its retrograde blood supply. Prior ante- 
rior urethral stricture or surgery and hypospadias 
can interfere with both the vascularity and elasti- 
city of the anterior urethra such that it might not 
be possible to adequately mobilize it for a primary 


anastomosis. If it is felt that the anterior urethra is 
too precarious, a staged substitution urethroplasty 
might be required. 


Factors limiting surgical acc 


Major lower torso trauma can result in hip fixa- 
tion, which can make it impossible to achieve the 
lithotomy position necessary for good perineal dis- 
section. 


History of failed repair 


Aside from the more complex cases it is prob- 
able that the majority of posterior urethroplasty 
failures are avoidable. The failures are generally 
secondary to an inadequate anastomosis as a result 
of poor exposure and visibility of the apex of the 
prostate and inadequate mobilization of the ure- 
thra. The majority of patients who have failed a 
prior repair are still salvageable with the authors” 
progressive perineal approach, however. In some 
cases an abdominoperineal or staged substitution 
repair might be necessary. 


Abdominoperineal approach 

While the majority of posterior urethroplasties 
can be performed through the perineum alone, as 
previously mentioned there will be the occasional 
patient in whom a combined abdominoperineal 
approach is warranted. The abdominoperineal 
approach involves both perineal and retropubic 
exposure of the urethra and prostate with removal 
of a segment of pubic bone to facilitate exposure. 
The main indication for this approach is to im- 
prove visualization and to facilitate the removal of 
fistulous tracts and periurethral epithelialized cav- 
ities, the excision of scar tissue at the prostatic 
apex, and the performance of a tension-free ana- 
stomosis [14,61]. 

The patient is positioned in the lithotomy posi- 
tion but prepped for a possible abdominal explora- 
tion. The initial dissection is perineal and the 
urethra is transected at the level of obliteration. 
The first three steps of the progressive perineal 
approach are performed, including inferior wedge 
pubectomy. If retropubic exposure is needed, a 
lower midline abdominal incision is made down 
to the base of the penis. The prevesical or retropu- 
bic space is dissected down to the level of the pros- 
tatic apex, staying close to the periosteum of the 
retropubis, until communication is made with the 
perineal dissection. It is helpful to open the blad- 
der high on the anterior wall so a finger can be used 
to help direct the retropubic dissection and avoid 
the bladder neck. Waterhouse described excising 
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an entire anterior wedge of pubis using a Gigli saw 
[62]; however, equally good access is achieved by 
partial removal of the posterior surface of the 
pubis using a Capener’s gouge [63]. Inferior wedge 
pubectomy will have been completed perineally, 
and this—combined with retropubic bone remo- 
val—will provide wide anterior access, which facil- 
itates anastomosis and access to the pelvic floor to 
manage the complicating features that were the 
indication for this approach. At the completion 
of the procedure the bladder neck and anastomosis 
should be wrapped with an omental flap to pre- 
serve functional mobility as well as facilitate future 
re-exposure if needed. 

This approach is very successful (greater than 
85% success rate) in expert hands with few compli- 
cations [14,50,64,65]. A re-stricture rate of ~50% 
has been reported by some surgeons using a trans- 
pubic approach [26], which emphasizes the impor- 
tance of surgeon experience and proper patient 
selection. The technique has been criticized for 
causing excessive blood loss as well [39], although 
McAninch did not find this to be the case in 30 
patients who underwent the procedure [14]. 


Substitution urethroplasty 

Substitution urethroplasties are uncommonly 
required and generally involve the use of a staged 
perineoscrotal inlay, although in expert hands sin- 
gle-stage skin island flap repairs have been used. 
Two-stage repairs include a variety of scrotoure- 
thral inlay procedures as described by Johansen 
[30], Blandy [66], and Turner-Warwick [67], in 
which urethral marsupialization combined with 
some type of perineoscrotal inlay comprises the 
first stage, followed at a later date (3 to 6 months) 
by tubularization of the neourethra. 


Conclusion 


Posterior urethral disruption is an uncommon 
injury that most commonly occurs in association 
with a pelvic fracture. A high index of suspicion 
is needed for the diagnosis, which should be con- 
firmed by retrograde urethrogram. There is some 
controversy as to the most appropriate immediate 
management of this injury, and the decision should 
be individualized. The safest form of management 
is placement of a suprapubic catheter with delayed 
management of any resultant stricture. Some suc- 
cess in preventing strictures has been obtained 
with earlier intervention to re-align the urethra, 
however, and further studies are needed to deter- 
mine which form of management, if any, is best. 


The delayed management of pelvic fracture ure- 
thral distraction defects can be approached endo- 
scopically or by open urethroplasty; each method 
has many advocates. It is evident that when man- 
aged endoscopically most patients will require 
some form of additional procedure for recurrent 
stricture, but this is often an acceptable outcome. 
In expert hands a one-stage perineal anastomotic 
urethroplasty is successful in treating PFUDDs 
in the majority of patients without the need for 
subsequent procedures. Only in rare situations will 
either a combined abdominoperineal transpubic 
approach or a one- or two-stage substitution ure- 
throplasty be required. 
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The ability to achieve a long-term, stable, 
stricture-free, hairless urethral lumen in patients 
with complex anterior stricture and compromised 
genital skin is one of the ongoing challenges of 
reconstructive urologic surgery. The conservative 
approach by endoscopic urethrotomy or dilatation 
with a self-catheterization schedule rarely affects a 
definitive cure except in the short, filmy, superficial 
strictures of the bulbous portion of the urethra. 
Genital fasciocutaneous island flaps are currently 
the gold standard for definitive, reliable resolution 
of anterior urethral strictures in patients who have 
not undergone a prior surgical procedure that may 
alter the penile or scrotal circulation, or those with 
skin loss from trauma, decubiti, radiation, or bala- 
nitis xerotica obliterans. 

A unique group of desperate hypospadiac crip- 
ples who have undergone numerous prior repairs 
and remain with residual strictur tulas, and 
chordee, and the patient who has undergone prior 
radiation therapy with injured genitalia and im- 
paired wound healing represent a subset of com- 
plex problems that require transfer of extragenital 
tissues for successful resolution. With the advent 
of the axial flap and an understanding of the anat- 
omy of the vascular patterns of muscular, myocu- 
taneous, and fasciocutaneous variants, an alternative 
armamentarium of tissues are potentially available 
for this challenging pathology. A group of extra- 
genital axial flaps utilized in trunk and lower ex- 
tremity defects are the most suitable for salvage of 
high-risk, complex genital and urethral disorders. 
The following is a description of these procedures 
alone or in combination with skin or buccal grafts 
with a particular emphasis on their role in a select 
group of strictures and fistulas burdened by the 
presence of adverse wound healing potential [1]. 


Muscle-assisted full-thickness skin 
and buccal graft urethroplasty 


The early expectations of full-thickness skin 
grafts in urethral reconstruction have not been con- 
sistently achieved, but their advantages for the 
repair of anterior urethral strictures are hard to 
overlook [2]. The advantages include ease of appli- 
cation, wide versatility, multiple hairless donor 
sources, and the ability to construct a conduit that 
most closely resembles a normal-functioning ure- 
thra with rare sacculation or diverticulum forma- 
tion. The addition of buccal mucosa as a graft 
source has proven to be very useful in the more 
complex hypospadias cripple with less contracture 
and more reliable re-vascularization as a result of 
the thin and highly vascular lamina propria [3,4], 
and has extended the ability of free graft material 
to successfully resolve a longer stricture with an 
early, impressive record of success [5,6]. To im- 
prove the vascularity of an adverse periurethral tis- 
sue bed and graft survival, an effort was made to 
provide a more dependable vascular tissue support 
with a gracilis muscle flap placed adjacent to the 
graft subdermal or lamina propria surface. 

Skeletal muscles have an established role in 
resolving complex wounds, osteomyelitis, and re- 
pair of tissue defects and fistulas that develop under 
unfavorable conditions [7]. They can provide 
coverage, obliterate dead space, and improve 
vascularity and enhanced white cell function of 
the chronically fibrotic and impaired wounds with 
minimal morbidity [6,8]. The use of a skeletal 
muscle surface intimately applied and quilted to 
the dermal side of a skin graft or buccal mucosal 
undersurface with proper immobilization will pro- 
mote more predictable and rapid inosculation and 
prevent seroma formation and contracture. 
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Three different techniques of gracilis, rectus 
abdominus, gluteus maximus, and free latissimus 
dorsi muscle transfer were used for urethral and 
genital reconstruction in a series of 44 patients 
with urethral strictures, fistulas, co-morbid skin 
loss from decubiti radiation, and prior surgical 
failures. These technical variations included an 
onlay patch of full-thickness skin or buccal muco- 
sal graft in a ventral or dorsal position combined 
with a muscle flap support, the incorporation of 
an additional skin paddle for defect coverage as 
a myocutaneous flap or the prefabrication of an 
appropriate sized skin graft, and subsequent 
transfer of muscle combined with an established, 
securely viable skin island, which will overcome 
the adversity of the recipient bed. 


Technique for combined onlay patch skin and 
buccal mucosal grafts and gracilis muscle flap 


A group of complex urethral strictures were 
selectively managed by rotation of a gracilis mus- 
cle flap brought into direct contact with the der- 
mal surface of a skin graft or lamina propria of 
a buccal mucosal graft by quilting the buttressing 
distal portion of the muscle after transfer to the 
perineum. The procedure is performed in a stan- 
dard dorsal lithotomy position using contempo- 
rary Direct O.R. yellow-fin stirrups, and exposing 
both medial thighs, popliteal spaces and the peri- 


neum simultaneously. The proper sequence of 


procedures is to (1) prepare the urethra, (2) mobi- 
lize the appropriate muscle, and (3) harvest the 
skin or buccal graft after a suprapubic divert- 
ing cystotomy has been established. A 5 French 
Fogarty vascular balloon catheter is inserted as 
a filiform to act as an intraluminal guide. The bal- 
loon is distended with saline solution to help iden- 
tify the proximal limit of the stricture. An inverted 
Y incision extending into the mid-scrotal raphe 
permits access to the relevant portions of the prox- 
imal bulbar urethra and the creation of a lateral 
subcutaneous perineal dissection for the entry site 
from the thigh for the gracilis muscle flap. The bul- 
bocavernous muscle is divided in the midline and 
separated from the corpus spongiosum without 
dividing the neurovascular bundle lateral to this 
muscle. 

A urethrotomy is started distally on the ventral 
or dorsal aspect of the bulbous or bulbomembran- 
ous urethra. A more distal bulbous stricture that 
does not extend into the sphincteric urethra is best 
prepared with a dorsal urethrotomy; this is a rela- 
tively avascular urethral incision that allows more 


immobile graft fixation with a greater chance for 
graft take. The urethrotomy must extend beyond 
the stricture into 2 or 3 cm of healthy, uninvolved 
urethra at the proximal and distal limits of the 
disease. Bleeding from the spongiosal edge is con- 
trolled with a running locked 5-0 chromic hemo- 
static suture, which also permits a more precise 
fixation of the graft (Fig. 1A). When short seg- 
ments of the urethra are too narrow and fibrotic 
for a uniform onlay, partial resection with a floor 
strip anastomosis is performed. The length and 
width of the open urethrotomy are measured in 
the proximal bulbous and bulbomembranous por- 
tion with an indwelling #28 French catheter tem- 
plate as a sizing stent. 

The muscle flap is harvested before procuring 
the grafts to avoid any delay in recipient bed sup- 
port causing graft dessication. A variety of mus- 
cles and myocutaneous flaps are useful for repair 
and reconstruction of perineal, genital, and ure- 
thral defects. The gracilis muscle is the workhorse 
of perineal reconstruction. It is the most readily 
available muscle for transfer to the urethra, va- 
gina, and other perineal pathology. The gracilis is 
an accessory thigh adductor and knee flexor that 
is a totally expendable muscle, whose removal 
does not produce any functional deficit. The 
medial thigh incision retrieval scar is well con- 
cealed, therefore representing an exceptionally good 
donor muscle with minimal donor site morbidity. 
The anatomy of a flap determines its selection for 
a specific reconstructive need. The gracilis can be 
used as a peninsular flap with a wide rotational 
arc, a free flap with a very accessible vascular 
pedicle and nerve, a myocutaneous composite, 
or a prefabricated flap. The arc of rotation per- 
mits this flap to reach comfortably to the penile 
and bulbomembranous urethra from its major 
dominant proximal vascular pedicle, the medial 
circumflex femoral artery, which arises from the 
profunda femoris [9]. Its artery has a diameter 
of 1.5 to 2.0 mm, enters the posterior surface of 
the muscle 8 to 10 cm from the pubic tubercle, 
and acts as the pivot point of rotation. It is usually 
accompanied by two vena comitantes and a nerve. 
There are two minor distal pedicles from the 
superficial femoral artery that can be ligated with- 
out concern because the proximal dominant ves- 
sels reliably and consistently supply the entire 
muscle. A second, less robust pedicle supplying 
the proximal half comes from the obturator 
branch of the femoral artery and can be utilized 
as its main blood supply if a shorter, more proxi- 
mal rotation point is used with a ligated medial 
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Fig. 1. (A) The urethral stricture is first prepared by performing the appropriate urethrotomy using a continuous locked 
hemostatic suture on the spongiosal edge. The gracilis muscle is mobilized on its proximal dominant neurovascular 
pedicle after ligating and dividing the two distal minor pedicles. (B) A full-thickness skin or buccal mucosal graft is 
sutured into the urethrotomy over a #28 catheter stent with interrupted 5-0 Monocryl. 


circumflex femoral artery pedicle. The length of 
the dominant circumflex vasculature can reach 5 
to 7 cm if fully skeletonized. The muscle is inner- 
vated by the anterior branch of the obturator 
nerve, which travels alongside the circumflex vas- 
cular pedicle and can be divided to prevent annoy- 
ing voluntary contractions. The length of the 
muscle varies between 24 and 30 cm with a 6 cm 
width proximally and a 4 cm width distally. The 
width of the muscle can be extended by splitting 
the investing epimysium, which will increase the 
width an additional 30% to 50% [10]. 

The muscle is retrieved by initially identifying 
the distal tendon through a small vertical incision 
directly over the palpable portion of the tendon 
medial to the semitendinosis muscle on the medial 
edge of the popliteal space. A drain is placed 
around the tendon and the muscle is exposed 
proximally by inserting an index finger between 
the belly of the anterior muscle surface and the 
skin in the subfascial tunnel and extending the 
incision in a proximal direction. This maneuver 


facilitates rapid mobilization of the entire struc- 
ture with good exposure of the pedicles. The two 
most distal minor pedicles are ligated and divided 
and the proximal dominant pedicle is preserved 
(but not skeletonized) to avoid vascular spasm 
or injury. Before detaching the muscle from the 
distal tendon, a full-thickness skin graft or buccal 
mucosal graft is retrieved. The authors prefer a 
buccal mucosal onlay if sufficient length can be 
obtained. Oral mucosa exhibits superior graft take 
and decreased contracture, which is thought to be 
related to the unique anatomic aspects of oral 
mucosa. These features include a thick epithelium, 
a thin lamina propria with rich vascularity, less 
scar formation, rapid regenerative ability, and a 
natural inherent barrier to the threat of local sep- 
sis. Clinical reports of this substitute demonstrate 
a significant early record of success [4,5]. 

Buccal grafts are preferably obtained from the 
inner cheek, where a 6 to 9 cm strip of mucosa can 
be harvested with minimal morbidity, depending 
upon the contour and shape of the mouth. The 
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length and width of the urethral defect should be 
measured over a 28 French template. The head 
and neck are hyperextended with cervical spine 
support and the face and jaw are draped without 
antiseptic preparation. The side bite retractor or 
a small Weitlaner is placed in the lateral edge of 
the mouth opposite the side of retrieval after a 
transnasal endotracheal tube has been inserted. 
A moist sponge mouth gag is inserted to prevent 
any collection of blood or saliva from reaching 
the pharynx. Two short right angle retractors 
are placed under the lips at the angle of the mouth 
where the graft donor site is being exposed. A rect- 
angle of buccal mucosa measuring 2.5x6 to 9 cm 
is outlined with a skin marker after excluding and 
marking the opening to Stensen’s duct below the 


second or third molar (Fig. 2A). The incision is 
brought to just within the cheek margin and a 
5-0 Vicryl tagging suture is placed at each corner 
of the distal graft edge. The plane between the 
graft lamina propria and the buccinator muscle 
is developed, taking great care not to injure the 
muscle or its neurovascular pedicle (Fig. 2B). Seg- 
ments of buccal mucosa are placed in a saline- 
soaked sponge, and the donor site defect is closed 
with a running 4-0 chromic catgut suture. If a 
lower lip defect is created then the site is left open 
to prevent a contraction deformity. The graft is 
carefully cleaned and de-fatted on the surgeon’s 
forefinger, removing any adherent tissue until a 
thin, white surface is obtained (Fig. 2C). The 
graft is then placed in the urethral defect with a 


Epes 


Fig. 2. (A) Buccal mucosal graft can be retrieved from one or both cheeks. The opening to Stensen’s duct is identified 
opposite the second molar. (B) A 2.5x6 to 9 cm graft can potentially be harvested if the dissection is extended from the 
tonsillar pillar to the lip edge. (C) The graft is carefully cleaned and thinned by placing it on the forefinger under tension 
and removing the fibro-fatty surface until a white, shiny surface is obtained. 
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stabilizing apical suture of 5-0 Monocryl at 
each end [6]. If several strips of oral mucosa or skin 
are needed, they are sutured together before the 
onlay patch is applied. The edges of the graft are 
sutured to the urethrotomy margins with two run- 
ning 5-0 Monocryl sutures (Fig. 1B). 

The gracilis muscle is then released by transect- 
ing its distal tendon and transferring it into the 
perineal wound through a wide subcutaneous tun- 
nel (Fig. 3A). The tunnel is developed between the 
proximal thigh and perineum, creating a suffi- 
ciently capacious space to prevent compression 
ischemia of the distal portion of the muscle. A 
Penrose drain is placed around the skin bridge 
for retraction and the remainder of the space is 
carefully developed under direct vision. The distal 
portion of this well-vascularized skeletal muscle is 
guided through the wide tunnel under the perineal 
skin, where it is placed over the graft lamina pro- 
pria surface and is anchored firmly to the periure- 
thral tissues. This maneuver essentially quilts the 
muscle to the graft and prevents disruption of 
the neovascular connections (Fig. 3B [inset]). 


In the paraplegic patient who has developed a 
bulb stricture or traumatic fistula secondary to 
erosion of the dorsal aspect of the urethra from 
pressure injury against the pubic arch, a dorsal 
approach to the urethra permits a more avascular 
access and a buttressed replacement of the fibrous 
or necrotic wall (Fig. 4). It is important to identify 
the proximal extent of the stricture with a balloon 
bougie to rule out trans-sphincteric involvement 
because the membranous location is not a suitable 
location for free graft reconstruction. The muscu- 
lar coaptation of the sphincter interferes with 
proper immobilization for graft take and prevents 
transfer of the muscle across the membrane. This 
approach requires wide mobilization of the prox- 
imal spongiosa after carefully dividing and pre- 
serving the bulbocavernosus muscle. A dorsal 
urethrotomy is more hemostatic because the ure- 
thra is eccentrically dorsal in this location without 
the thick, vascular spongiosa seen on the ventral 
surface of the bulbous urethra (Fig. 5A). The cor- 
pus spongiosa and urethra are rotated to gain 
access for an extensive 12 o'clock urethrotomy 


Fig. 3. (A) The gracilis muscle is detached distally, and the muscle flap is transferred through a capacious subcutaneous 
medial thigh tunnel. (B [inset]) The muscle is applied securely to the dermal surface or lamina propria undersurface of the 
buccal graft by suturing its margin to the periurethral fascia and the muscle belly to the mid-portion of the graft. 
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Fig. 4. (A) The dorsal aspect of the urethra can be approached through an inverted Y perineal incision exposing very 
adequately the entire bulbous and bulbopendulous urethra. (B) The spongiosa is rotated to gain access to the midline 
12 o'clock position where a more hemostatic urethrotomy can be attained. 


and the skin or buccal graft is applied (Fig. 5B). 
This procedure permits stable fixation of the skin 
graft against a muscle, which has been placed be- 
tween the dorsal surface of the urethra and the 
corpora cavernosa, thus avoiding the brisk bleed- 
ing from the corpus spongiosa and the poten- 
tial for motion of the graft interface (Fig. 5C). 
The muscle is sutured securely to the periureth- 
ral fascia and corpora cavernosa with closely 
placed, interrupted 3-0 Vicryl sutures to ensure 
good apposition of the muscle surface (Fig. 6). 
The perineal wound is closed approximating 
Colles’ fascia after copious irrigation of both the 
thigh and the periurethral area. A round, small 
suction drain is brought out laterally for 48 hours 
through the thigh incision. The thigh is closed in 
two layers and the patient is kept at bed rest for 


5 days. The urethra is stented with a #16 silicone 
intraurethral catheter for 2 weeks. A suprapubic 
cystotomy diversion is sustained for 3 weeks and 
removed after a voiding cystourethrogram estab- 
lishes that there is no extravasation. 

A 46-year-old man with a panurethral stricture 
and multiple diverticula following numerous prior 
failed procedures for hypospadias was successfully 
repaired by combining a 14 cm full-thickness skin 
graft with a right gracilis muscle flap. A preopera- 
tive urethrogram revealed both a pendulous and 
bulb stricture with proximal diverticuli (Fig. 7). 
The skin graft from the contralateral thigh was 
applied as an onlay from the submeatal urethra 
to a proximal bulbar location (Fig. 8) and the gra- 
cilis muscle was transferred through a capacious 
medial thigh tunnel. The muscle was then placed 
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Fig. 5. (A) The urethrotomy is extended into normal urethra for 2 to 3 cm. in a distal and proximal extension. (B) The 
skin or buccal onlay is fixed at both apices with 4-0 Monocryl sutures. The suture line on either side is closed with 
interrupted 5-0 Monocryl sutures. (C) The muscle flap is then transferred from the medial thigh to the space between 


urethra and corpora cavernosa. 
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Fig. 6. The muscle is sutured securely to the spongiosa and the corpora cavernosa after the edges are carefully placed 


over the suture lines. 


over the dermal surface and fixed to the periure- 
thral fascia with closely placed 3-0 Vicryl sutures 
(Fig. 9). The post-operative retrograde urethro- 
gram revealed a patent urethral lumen at 2 years 
with a normal voiding pattern (Fig. 10). 


Technique of prefabrication 
skin graft urethral reconstruction 


The concept of establishing a safe skin graft by 
initially securing its vascular support before tissue 
transfer offers an entirely new dimension in the 
management of strictures with periurethral beds 
compromised by extensive avascular fibrosis, fis- 
tulas, and radiation. By prefabricating an appro- 
priately sized free skin graft at a distant site in 
the medial thigh to establish a reliable circulation 
and transferring it to a urethral defect, the uncer- 
tainty of precarious, unpredictable inosculation 
can be avoided. Principles involved in prefabrica- 


tion were introduced by Erol and others more 
than 10 years ago [11-13]. 

The concept of prefabrication was applied to 
four patients using a full-thickness skin graft har- 
vested from the thigh and initially vascularized in 
the distal contralateral thigh over the surface of an 
accessible gracilis muscle flap that was exterior- 
ized through an 8 to 12 cm medial incision. The 
graft was then transferred with adherent muscle 
after a 3- to 6-week interval when the graft take 
and viability had been established and the maxi- 
mum degree of contracture had occurred. These 
grafts develop new vascular patterns that have 
been observed experimentally to develop in a 
stable manner at a 3- to 4-week intervals and offer 
the advantages of a custom-created neovascu- 
larized skin flap [14]. This flap can then be tailo- 
red to the specific needs of the tissue defect and 
avoid the use of a large, bulky myocutaneous skin 
paddle. Candidates for this multi-stage repair 
are patients who have severe proximal urethral 


Fig. 7. Preoperative retrograde urethrogram in a 46-year-old man with a panurethral stricture and multiple diverticula 
following numerous failed prior repairs for perineal hypospadias. 


a, 


Fig. 8. A 14 cm full-thickness skin graft onlay was applied to the urethrotomy defect after resecting the diverticula. 
A right gracilis muscle flap is transferred from the thigh to the perineum through a capacious tunnel. 


Fig. 9. The muscle is fixed over the entire skin graft subdermal surface by suturing it securely to the periurethral fascia. 


Fig. 10. A post-operative retrograde urethrogram 2 years following the repair demonstrates a patent stable lumen in the 
patient with a normal voiding pattern 
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strictures and associated periurethral fibrosis, mul- 
tiple sinuses, urethrocutaneous fistulas, and peri- 
neal skin loss secondary to pressure decubiti. 
The prefabrication technique requires that the 
distal two thirds of the gracilis muscle be exterior- 
ized and a hairless, full-thickness skin graft that is 
retrieved from the contralateral thigh or any other 
desired donor site be applied to the muscle surface 
(Fig. 11). The posterior edge of the muscle is 
sutured initially to the dermis of the skin edge to 
ensure that the wound is sealed completely except 
for the exposed muscle belly. This exteriorizes two 
thirds of the muscle circumference (Fig. 12). The 
skin graft is de-fatted and sutured to the cuta- 
neous border of the exteriorized gracilis muscle. 
The graft meticulously covers the muscle, sup- 
ported by a large stent-like compression bolster 
dressing (Fig. 13). This can then be monitored 
for a 3- to 6-week period to establish viability, 
stable adherence to the muscle surface, and to 
evaluate the degree of contracture that develops. 
If the edema and incisional inflammatory re- 
sponse does not subside a further period of observa- 
tion is continued (Fig. 14). The patient is instructed 


to pursue normal walking and climbing activity 
and report any change in graft appearance. When 
graft take is established the thigh is re-opened with 
a circumferential incision around the graft mar- 
gin, including a 3 mm margin of thigh skin. This 
incision is extended distally and proximally expo- 
sing the entire muscle surface and keeping the 
tendon completely intact. This incision precedes 
the exposure of the urethra to ensure that the 
potential composite of graft and flap are well vas- 
cularized (Fig. 15). 

The urethra and spongiosa are exposed 
through an inverted-Y-shaped incision and the 
strictured portion is exposed after a careful dissec- 
tion in an (often) encased perineum with numerous 
sinuses, periurethral fibrosis, and urethrocuta- 
neous fistulas. The complete stricturotomy is 
achieved by incising into the dense, spongiofibrotic 
ventral wall from normal distal to normal proxi- 
mal lumen in preparation for the patch graft onlay 
(Fig. 16A). The prefabricated graft is tailored with 
a template to fit the urethral defect, including 3 mm 
of redundancy on all edges utilizing a catheter 
stent with a diameter of 28 French (Fig. 16B 


Fig. 11. A full-thickness skin graft is retrieved and its vascularity established before attempting a graft take in an 
unfavorable recipient bed. The gracilis muscle is exposed through a longitudinal thigh incision to prepare it as a vehicle 


for a prefabricated skin flap. 
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Fig. 12. (A) The distal two thirds of the gracilis muscle is first exteriorized by suturing its posterolateral edge to the 
dermis of the skin incision. (B [inset]) The muscle edges seal off the subcutaneous tissue from the overlying dermal surface. 


[inset]). The distal gracilis tendon is transected 
and the muscle flap with the adherent skin graft 
composite is transferred on its proximal pedicle 
through a capacious medial thigh tunnel into the 
perineum. The skin patch edge on the inner side 
of the muscle donor site is initially sutured with 
the knots inside, using interrupted 5-0 Monocryl 
sutures. Both apical sutures are inserted at the 
start of the closure (Fig. 17). The selective use of 
a prefabricated skin graft with a well-established, 
stable vasculature may offer an effective and novel 
technique for resolving high-risk strictures and fis- 
tulas. This approach is an option for patients 
whose perineal and proximal urethral tissues are 
so altered by local adverse factors that they defy 
traditional urethral reconstruction. 


Perineal artery fasciocutaneous 
medial thigh flap for urethral reconstruction 


The Singapore or perineal artery thigh fascio- 
cutaneous flap has the potential of salvaging a 


subset of complex proximal strictures that are not 
suitable for local genital techniques or muscle- 
enhanced, protected grafts. This is a vascularized 
flap that can be transferred across the trans- 
sphincteric segment of the urethra where free 
grafts have poor take and where a muscle flap is 
too bulky. Its robust blood supply, predictable 
measurements, minimal donor site morbidity, 
and reported success in vaginoplasty make this 
flap an ideal alternative option for troublesome 
proximal urethral reconstruction [15]. 

It is a thin, supple flap that is simple in design, 
easy to harvest, and possesses a consistent, well- 
defined border. It belongs to the class of axial fas- 
ciocutaneous constructs consisting of a unit of 
skin, subcutaneous tissue, and a well-developed 
fascial floor that acts as a vehicle carrying the sup- 
porting circulation. These anatomic and vascular 
characteristics permit reliable, predictable skin 
islands that can be raised by simple dissection, 
minimal bleeding, and no deformities or loss of 
function. Fasciocutaneous flaps do not possess 


Fig. 13. The full-thickness skin graft is sutured to the skin edge with interrupted 4-0 Monocryl sutures completely 
covering the exposed muscle surface. The composite is supported with a large stent-like compression bolster dressing. 


Fig. 14. The skin is monitored for a 3- to 6-week period to confirm its viability and adherence to the muscle surface. 


Fig. 15. When the graft take is secure, the muscle is explored through a circumferential incision around the graft margin 
extending distally and proximally to expose the entire flap. 


a 


Fig. 16. (A) The urethral stricture is first exposed and the appropriate stricturotomy is performed. The thigh incision is 
extended proximally and distally, dividing the gracilis tendon near its insertion. (B [inset]) The prefabricated skin flap is 
tailored over a template to fit the urethral defect. 
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Fig. 17. The urethroplasty is completed by transferring the gracilis muscle with its newly added skin component through 
a generous medial thigh and perineal tunnel, The skin patch is sutured to the urethral edge with interrupted 5-0 


Monocryl sutures. 


the superior immunologic qualities that muscular 
and myocutaneous flaps have, but they have less 
bulk, are easier to elevate, and are more suitable 
for smaller defects such as those seen in the ure- 
thra and vagina. This particular flap has been 
used primarily for vaginal reconstruction and 
has become the basis for a sensate vaginoplasty 
in a select group of patients [16]. The author has 
used this flap since 1993 in the management of 
11 high-risk strictures by transferring it to the 
proximal urethra using three different techniques 
of flap rotation. Most patients were managed by 
an onlay patch that was designed in a transverse 
or vertical direction [17]. 


Flap design and elevation 


The pudendal or medial thigh skin flap is a ver- 
tically oriented composite of skin, subcutaneous 
tissue, deep fascia, and adductor epimysium mea- 
suring 15x 6 cm with its proximal base located at 
the level of the mid-perineum 3 cm distal to the 


anal margin (Fig. 18). It extends to the femoral 
triangle where it is supported by some random cir- 
culation. The vascular source of the pudendal 
thigh flap is the perineal artery, which is centered 
just medial to the groin crease with branches to 
the scrotum and thigh skin. This circulation 
arborizes with branches of the deep external 
pudendal the medial femoral circumflex arteries, 
which arise directly from the profunda femoralis. 
There is also a connection to the anterior branch 
of the obturator artery. The innervation to the 
proximal flap is supplied by branches of the 
pudendal nerve and perineal rami of the posterior 
cutaneous nerve of the thigh, creating a partial 
sensate structure. 


Technique of onlay patch 
perineal artery flap urethroplasty 


The urethra is exposed with the patient in a 
modified lithotomy position and both thighs 
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Fig. 18. Perineal artery medial thigh flap measurements are consistently 15x6 cm with its proximal base located at the 
level of the mid perineum. The medial border is the groin crease lateral to the edge of the scrotum. 


draped into the operative field. A 5 Fogarty vascu- 
lar balloon catheter is inserted into the bladder as 
an intraluminal guide with the balloon distended 
with 1 mL of saline solution to identify the proxi- 
mal lumen of the stricture. A stricturotomy is 
started distally on the ventral surface of the bulbar 
urethra and extended proximally to the palpable 
intraluminal balloon across the apex of the pro- 
static urethra if necessary. This urethrotomy must 
extend 2 to 3 cm beyond unhealthy urethra at the 
proximal and distal limits of disease. A 24 French 
diameter catheter is used as a stent for the proxi- 
mal urethral lumen. If the stricture extends across 
the sphincter, a series of 3-0 Vicryl sutures is 
placed in the proximal apex of the urethrotomy 
in preparation for the onlay flap. The thigh flap 
is outlined with a skin marker by drawing parallel 
lines in a vertical direction then incising the skin 
down to the fascia on both sides, raising the epimy- 
sium with the fascia and suturing it to the dermis 
to prevent a shearing injury to the segmental ves- 
sels (Fig. 18). The flap is lifted back to its proximal 
transverse margin and effective blood flow to the 
distal edge is confirmed by de-epithelializing a 2 
to 3 mm area at the distal margin to identify a 


bleeding dermis. The tissue bridge between the 
base of the flap and the urethral exposure is divi- 
ded to prevent tunnel pressure effect and poten- 
tial compromise of flap circulation (Fig. 19). This 
procedure also permits a rotation of the scrotal 
and perineal tissues to help close the donor site. 
This technique permits ease of transfer to the deep 
proximal urethra. A 6 to 8x1.5 cm transverse 
island is outlined at the distal edge of the flap 
and a 3-cm-wide strip of skin just proximal to 
the island is de-epithelialized, leaving a thin layer 
of dermis to prevent ischemic injury to the trans- 
verse island (Fig. 19). The flap is rotated medially 
and inferiorly and the island patch is sutured over 
the urethrotomy defect by placing the previously 
inserted apical sutures into the distal edge of the 
flap. Two running 4-0 Monocryl sutures are used 
to complete the repair and a 16 French silastic 
catheter inserted. The distal portion of the island 
is sewn to the proximal margin of a buccal graft 
with interrupted 5-0 Monocryl sutures, complet- 
ing the combination onlay patch and graft if the 
stricture is too long (Fig. 20). These continuous 
suture lines are reinforced with widely spaced, 
interrupted 5-0 Vicryl sutures. The thigh wounds 
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Fig. 19. A proximal urethrotomy is performed from the distal bulbous urethra across the trans-sphincter segment to the 
prostatic apex. A buccal mucosal graft can be utilized to repair the distal portion of the bulbar stricture. A distal 
transverse island is outlined at the distal margin of the flap and a 3-cm-wide strip of skin is de-epithelialized just proximal 


to the island leaving a thin layer of dermis. 


of the donor site and perineum are closed by 
advancing the thigh incision towards the scrotum, 
covering the proximal perineum and urethral 
repair with the pudendal flap and transferring 
the scrotal bridge laterally (Fig. 21). A small Blake 
suction drain exiting through the thigh incision is 
inserted for 4 days. The urethral catheter is 
removed in 10 days and the suprapubic diverting 
cystotomy catheter is removed in 3 weeks pending 
normal results on a voiding cystourethrogram. 
The technique of an onlay patch from a peri- 
neal artery flap permits a defect of 6 to 8 cm to 
be bridged, but it often requires an additional seg- 
ment of buccal mucosa in a combined composite 
to repair the entire stricture. Because grafts do 
so poorly in the trans-sphincteric portion of the 
urethra, the pudendal island flap is placed best 
in the proximal portion of the stricture and the 
buccal mucosal onlay is placed in the more distal 
portion of the bulbar or pendulous urethra. 


Gluteus maximus muscle flap 
for bulbomembranous urethral reconstruction 


Prostatocutaneous and proximal bulbomem- 
branous urethral fistulas and strictures may occur 
following abdominoperineal resection of the rec- 
tum for cancer or inflammatory disease as a result 
of surgical trauma, as a delayed phenomena asso- 
ciated with adjunctive radiation therapy, or the 
result of pressure-induced decubitus with asso- 
ciated perineal skin loss. This disorder may occur 
acutely following inadvertent injury during resec- 
tion of the anterior wall of the rectum or in a 
delayed manner secondary to radionecrosis of 
the posterior urethral wall. Various methods have 
been described to manage this challenging fistula 
including perineal closure with an omental flap, 
a gracilis flap, skin grafts, or multi-layer local 
wound closure. This recalcitrant problem requires 
a large, reliable muscle flap for repair because it 
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Fig. 20. (A.B [inset]) The transverse island is rotated medially and inferiorly, and the island of skin is applied to the 
urethrotomy defect and sutured with running 4-0 Monocryl sutures. The distal edge of the island flap is approximated to 
the proximal margin of the buccal graft completing the combined reconstruction. 


must fill the associated defects seen in the lower 
midline perineal and sacral locations. The basis 
of failure to achieve a successful closure of this 
refractory prostatic or proximal urethral lesion is 
a lack of recognition of a more distal stricture 
or the presence of a non-collapsible dead space 
caused by the anatomy of the bony pelvis in the 
presence of impaired wound healing and tissue 
loss. This pathology results in a rigid and fibrotic 
tract that is unable to collapse or respond by nor- 
mal wound healing after a traditional multi-layer 
closure. The gracilis muscle transposition has been 
used successfully to effectively close perineal 
sinuses and fistulas in patients with a smaller, 
more central defect [18]. The gracilis muscle does 
not offer enough tissue bulk for complete pelvic 
space obliteration in patients with a large defect. 
The anatomical insights gained by a number of 
investigators has resulted in refinement of a num- 
ber of gluteus maximus muscle flap designs with 
functional preservation and the ability to transfer 
a large muscle bulk to the perineum for closure 
and coverage of these large spaces [19]. The use 
of the inferior gluteus maximus lower segment 
based on the inferior gluteal artery vascular sup- 


ply permits rotation of the muscle into an inter- 
gluteal, subcoccygeal, and perineal space without 
incurring impaired motor function or contour 
deformity of the buttocks. 


Anatomy and clinical application 


An understanding of the gluteus maximus 
anatomy and function is essential in designing and 
transposing this flap [20]. The gluteus maximus 
is a large, quadralateral muscle that forms the 
prominence of the buttocks. It measures 24x24 
cm on average and arises from the posterior glu- 
teal line of the ileum and sacrum, the side of the 
coccyx, the aponeurosis of the sacrospinalis, the 
sacrotuberous ligament, and the fascia over 
the gluteus medius muscle. The fibers from a dif- 
fuse origin course laterally and inferiorly to insert 
into the iliotibial tract and the gluteal tuberosity 
of the femur. The muscle is nourished by the 
superior and inferior gluteal arteries, which are 
branches of the internal iliac arteries. There are 
two minor vascular pedicles, which anastomose 
freely with the gluteal vessels. These are the first 
perforators of the profunda femoris artery and 


L. Zinman | Urol Clin N Am 29 (2002) 443-466 461 


Fig. 21. Closure of the perineum and donor site is accomplished by rotating the inguinal and scrotal bridge laterally into 
the thigh defect and advancing the inferior margin of the thigh incision toward the groin. No donor site morbidity has 


been noted. 


vein and the intramuscular branches of the lateral 
circumflex femoral artery from the profunda 
femoris. The first perforator enters the muscle 
adjacent to its insertion and the two or three intra- 
muscular branches enter beneath the inferior glu- 
teus muscle insertion. The superior and inferior 
gluteal arteries pass above and below the pirifor- 
mis muscle and are located 4 cm from the midline 
(Fig. 22C). The inferior gluteal nerve (L5-S1) 
courses through the sciatic foramen, accompanies 
the inferior gluteal artery medial to the sciatic 
nerve, and enters the gluteus maximus muscle on 
its deep surface at the level of the piriformis mus- 
cle, where it supplies motor innervation to the 
entire muscle. 

Loss of muscle function does not become evi- 
dent in casual activities such as easy walking or 
standing because other muscles will compensate 
for its loss. The gluteus maximus extends and 
rotates the thigh laterally and is important for 
more forceful activities such as running, climbing, 
and jumping. The superior or inferior half of the 


muscle may be elevated as a flap without loss of 
function if the other half is intact. The muscle seg- 
ment can be rotated to cover the sacrum or peri- 
neal space by rotating it on its gluteal vascular 
pedicle. The point of rotation is at the edge of 
the sacrum where the dominant pedicles enter 
the muscle very close to the fibers of origin from 
the sacral edge. The muscle is split into two seg- 
ments and the inferior portion is utilized primarily 
for perineal and vaginal reconstruction. The lower 
or distal portion is adjacent to the intergluteal and 
perineal space, making it an optimal skeletal mus- 
cle flap for repair of this portion of the urethra 
and for obliteration of the pelvic space. 


Technique of gluteus maximus repair 
of urethrocutaneous fistula and stricture 


The patient is initially cystoscoped in the 
lithotomy position, at which time any fistulous 
tracts are cannulated with a ureteral catheter and 


462 L. Zinman | Urol Clin N Am 29 (2002) 443-466 


Fig. 22. (A) Patient is placed in the prone position with the waist and pelvis flexed. The legs and feet are bound in 
protective padding and chest rolls are placed under chest and pelvis to prevent pressure point injury. (B) The fistulous 
tract is excised with the indwelling stent. The incision is extended in the mid perineal line in both directions and laterally 
to expose the surface of the inferior gluteus maximus. (C) The inferior segment of the muscle is identified after the 


horizontal component of the incision is made. 


the bladder drained with a urethral catheter. The 
patient is then placed in the prone position with 
the waist flexed and the legs separated. Protec- 
tive padding is used for the legs and feet and chest 
rolls are placed to prevent pelvic and breast com- 
pression (Fig. 22A). The lateral edge of the sacrum 
and greater trocantor are initially identified and 
marked as the respective origin and insertion of 
the gluteus maximus muscle. The fistula tract is 
excised by making a circumferential incision and 
extending it cephalad and caudal along the peri- 
neal midline in the intergluteal groove. The in- 


cision is extended horizontally along the inferior 
gluteal crease to expose the superficial surface 
of the muscle (Fig. 22B). The dissection proceeds 
cephalad under the coccyx and laterally down the 
pelvic sidewall. The urethra is identified and the 
lateral fibrous and radiated tissues are excised. 
The overlying skin on the gluteus muscle is re- 
tracted upward and laterally. The coccyx is resected 
and the prostatic surface exposed (Fig. 22C). 
More sacral bone is removed if there is poor expo- 
sure or obvious radionecrotic bone involvement. 
A prostatic fistula is closed with interrupted 3-0 
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Vicryl sutures following exposure and lateral retrac- 
tion of the levator ani muscle. The proximal urethral 
stricture can be repaired by first placing a buccal 
mucosal onlay in a ventral position followed by 
a transferred muscle buttress (Fig. 23). 

To elevate the inferior half of the gluteus max- 
imus after exposure of its superficial surface the 
muscle is split at its mid-portion. The inferior half 
of the fibers of insertion are divided and separated 
from the iliotibial tract and the muscle is mobi- 
lized from lateral to medial, identifying the in- 
ferior vascular pedicle. The origin can then be 
completely detached from the sacrum without 
endangering the blood supply, if needed. The pir- 
iformis muscle is the key reference point in locat- 
ing the sciatic nerve deep to the gluteus maximus. 
With the sciatic nerve carefully preserved and the 
location of the inferior gluteal vessels confirmed, 
the muscle can be split to the level of the sacrum 
in preparation for transfer (Fig. 24). A 10x20 cm 
flap can be retrieved and centered over the inferior 
gluteal artery. Gradual detachment of the insert- 
ing fibers of the muscle on the iliotibial tract, 
intermuscular septum, and the lesser trochanter 


of the femur can be readily performed once the 
underlying structures are identified. Partial release 
of the gluteus origin from the sacrum will facili- 
tate further flap transposition, which can easily 
be moved an additional 8 to 10 cm. The distal flap 
surface is then advanced into the perineal defect 
from the buttock and fixed to the periurethral 
fascia, completing the buttress effect over the 
urethral and prostatic graft and fistula. With 
adequate mobility, the muscle can also be placed 
under the sacral roof to completely obliterate the 
entire retroprostatic and urethral compartment 
(Fig. 25). The donor site can be closed by turning 
the skin and subcutaneous tissue over in a medial 
direction and suturing it to the contralateral peri- 
neal skin edge. It is rarely necessary to place a skin 
graft for exposed muscle since lateral and inferior 
subcutaneous thigh skin dissection will allow 
closure without tension [20]. 

The gluteus maximus muscle or musculocuta- 
neous flap provides reliable support and buttres- 
sing of recalcitrant prostato, urethrocutaneous 
fistulas, and urethral strictures in patients who 
have undergone a prior proctocolectomy. The 


Fig. 23. The prostate and proximal urethra are exposed through an intergluteal dissection following excision of the 
fistula tract. A buccal mucosal patch onlay is placed ventrally to repair a proximal stricture and the prostatic fistula 


closed with interrupted 3-0 Vicryl sutures, 
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Inferior 
gluteal a. 


Fig. 24. To elevate the inferior half of the gluteus maximus, the muscle is split at its mid-portion and mobilized initially 
from lateral to medial identifying the inferior gluteal vascular pedicle. The inferior half of the fibers of insertion is divided 
and the remainder of the muscle split to the level of the sacrum preparing it for rotation to the perineum. 


technique advances a large bulk of well-vascular- 
ized muscle, which permits complete obliteration 
of perineal and intergluteal spaces that have been 
injured by prior radiation or tissue loss. This is 
not an expendable muscle, but by proper mobili- 
zation of the inferior gluteal segment with preser- 
vation of the superior segment, loss of strength in 
extension and abduction of the hip can be pre- 
vented permitting the use of a local muscle flap 
with minimal donor site morbidity. 


Conclusion 


The muscle-assisted skin graft composites, the 
Singapore medial thigh flap, and the inferior glu- 


teus maximus muscle flap are reliable extragenital 
axial flaps that have great potential for salvaging 
a subset of complex strictures and fistulas that 
are not suitable for local genital skin substitu- 
tion techniques. They are all simple in design, relati- 
vely easy to harvest, possess reliable vascular and 
cutaneous landmarks, and are transferred easily 
to the urethra and the perineum without tension 
and without creating any significant donor site 
morbidity. They are a particularly valuable re- 
source in the management of recalcitrant pathol- 
ogy or the presence of wound healing impairment 
such as radiation or other adverse conditions 
that would jeopardize genital skin graft and flap 
survival. They are expendable muscle- and tissue- 
covering flaps that will not result in impaired 
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Fig. 25. The distal muscle flap edge is advanced medially into the perineal defect obliterating the retrourethral and 
prostatic space from the sacrum to the perineal skin edge where it is fixed to the periprostatic and periurethral fascia. 


motor function if careful attention is paid to the 
details of their retrieval. 
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Indications 


Staged urethroplasty is probably the oldest 
form of urethral reconstruction and still has a 
place in today’s surgical world. Marsupialization 
of the diseased urethra with delayed reconstruction 
was described in the literature as early as 1914 by 
Russell [1]. The surgical techniques were refined 
and popularized by Johanson [2] and later modified 
by other surgeons including Turner-Warwick [3], 
Blandy et al [4], Leadbetter [5], and Gil-Vernet [6]. 
There is renewed interest in the two-stage proce- 
dure because of the recent work by Schreiter [7,8] 
and Mundy [9]. These surgeries have in common 
the concept of exposing the diseased urethra to the 
outside world, thus allowing inflammation and 
infection to subside before undertaking an exten- 
sive urethroplasty. In the era of the one-stage repair 
this concept must not be forgotten, or history might 
repeat itself and modern surgeons might find them- 
selves performing unplanned staged procedures. 

There are some clear indications for staged 
urethroplasty. Strictures that are associated 
with chronic inflammation, radiation, spinal cord 
injuries, spina bifida, fistula, false passage, urethral 
stones, urethral diverticula, abscess, and failed 
prior repair are often managed best with a staged 
repair. Some patients with severe urethral pathol- 
ogy and neurologic disease (eg, spinal cord injury, 
spina bifida) are best treated with urinary diver- 
sion [10]. Traumatic disruption of the anterior 
urethra prohibiting primary anastomosis is best 
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treated with debridement and marsupialization 
and a delayed second stage procedure in 3 to 6 
months [11]. Another difficult group of patients 
to treat are those with balanitis xerotica obliterans 
(BXO) who have urethral disease. This disease can 
extend from the urethral meatus to the external 
sphincter [12]. Even the shortest of BXO strictures 
can recur if there is unrecognized proximal disease. 
A staged approach can allow time for the proximal 
disease to declare itself and might offer the best 
chance for cure in these difficult patients. Staging 
a BXO stricture also allows time for the diseased 
glans and meatus to heal. Regardless of the etiol- 
ogy, long strictures are usually easier to manage 
with staged procedures. In extensive stricture dis- 
ease a portion of the urethra can be reconstructed 
or extragenital skin brought in as a urethral bed 
with delayed tubularization and reconstruction. 
Surrounding scrotal or penile skin is epilated as 
needed and followed closely for the development 
of inflammation and progressive scarring. Ure- 
throplasty for complex strictures can also present 
a problem in post-urethral reconstruction penile 
coverage. Staging the procedure can help identify 
this problem and thus allow for more careful plan- 
ning and patient consent regarding penile coverage 
such as the need for extragenital grafts. In complex 
strictures it might be better to reconstruct the ure- 
thra with local, staged flaps and cover the penis 
with a split-thickness skin graft (STSG) as needed. 

Other categories of patients with complex ure- 
thral pathology are those who have complicated 
hypospadias. These are often young men who are 
emotionally devastated from multiple surgeries 
on their genitalia only to be left with a persistent 
hypospadiac meatus, scarred outer penile skin, 
and a narrow caliber urethra. There are multiple 
associated abnormalities found in this group of 
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patients including urethral stricture, diverticulum, 
hairballs, fistula, glans dehiscence, and chordee. It 
is often necessary to resect all of the failed neoure- 
thra then construct a urethral bed with extrageni- 
tal skin [13]. Schreiter’s mesh graft procedure is 
particularly suited for situations in which there is 
a paucity of genital skin suitable for use in urethral 
reconstruction. Adult patients with severe hypo- 
spadias deformity and chordee who have never 
had surgery might also require a staged approach. 
The first stage procedure is designed to correct 
chordee with resection of dysgenetic ventral tissue 
and ventral dermal graft application as needed. 
The dorsal skin is advanced to the ventrum for 
coverage and creation of a urethral bed. The sec- 
ond stage is planned primarily to construct the 
neourethra and correct any persistent chordee. 
There are recent reports indicating that some cen- 
ters still prefer this approach in children with 
severe hypospadias deformities [14-16]. 

The experience level of the operating surgeon is 
an important consideration. There are situations 
in which a patient cannot travel to a center for a 
complex urethral reconstruction. The local uro- 
logist is then called upon to manage a difficult 
stricture. A staged procedure is by far a better 
choice than a chronic suprapubic tube with all of 
its attendant risks and complications. Some pa- 
tients may choose not to have the urethra recon- 
structed in a second or third stage and continue 
to void through a perineal, scrotal, or penile ure- 
throstomy. Regardless of the surgeon’s experience, 
a marsupialized urethral bed with an open ure- 
throstomy can serve as a solution to a complex 
stricture problem. The first stage thus becomes 
the only stage and a definitive procedure. 

Staging a urethroplasty should not be consid- 
ered a step backwards. Instead, urologists should 
learn from experience and realize that there are 
patients who are too complex to reconstruct in a 
single stage. Even the most experienced recon- 
structive urologists should talk to their patients 
about the possibility of a staged procedure. 


Technique 


There are multiple techniques described for 
staged urethral reconstruction. All surgeries have 
in common the concept of exposing the diseased 
urethra through an open urethrotomy incision 
then either marsupializing the urethra or excising 
the diseased urethra. For purposes of discussion 
with clinical application, the urethral plate is the 
narrow, opened strip of urethra (or neourethra) 


that is used as an anchor for neourethral tissues 
during the first stage. The urethral bed is the wide, 
ventral area thus created that is tubularized during 
the second stage of urethroplasty. A diseased neo- 
urethra is managed in the same way, with the 
exception that the neourethra has less predictable 
blood supply, which limits the mobility of the 
incised urethral plate. Even a narrow neourethral 
plate can serve as an excellent stabilizing platform 
for flaps and grafts alike used in urethral recon- 
struction. It is always better to save the urethral 
plate and secure the flap or graft to the plate rather 
than tubularize the flap or graft without using an 
anchoring ventral midline plate. However, if there 
is any question about the viability of the urethral 
plate (native or neourethral) then it should be 
excised and extragenital skin brought in to create 
a fresh, healthy urethral bed during the first stage. 
The glans penis is managed in the same way and, 
particularly in the case of BXO strictures, the dis- 
eased urethral meatus and fossa navicularis is 
excised and an extragenital graft used to pave the 
exposed spongy tissue. The outer glans might also 
require re-paving during the first stage with resec- 
tion of the diseased glanular skin and application 
of STSG. Hemostasis is important for all of these 
graft beds. Bipolar cautery plus the use of loupe 
magnification aids in facilitating a dry graft bed. 
If the stricture is advanced and the glans is severely 
diseased, it is preferable to construct a coronal or 
even subcoronal neomeatus rather than compro- 
mise the caliber of the meatus to achieve a more 
satisfactory cosmetic appearance. Advanced BXO 
is a particular problem, and recurrence is the 
rule—therefore, it is best to leave the reconstructed 
meatus at a location that minimizes the chances of 
re-stenosis. In most staged repairs the meatus 
becomes somewhat retrusive anyway, and patients 
should be counseled about this phenomenon. 
Meatal or urethral stenosis is the usual cause of 
post-operative urethral diverticulum or urethrocu- 
taneous fistula. The meatus is the crux of the repair 
and must remain wide open without the need for 
chronic dilation. 

There is still a place for the Johanson type of 
urethroplasty. This operation is relatively straight- 
forward, and most urologists are comfortable with 
this concept. Exposing the diseased urethra offers 
many advantages. In BXO strictures it is common 
to under-stage these patients despite a thorough 
preoperative evaluation including a retrograde 
urethrogram, voiding cystourethrogram, and cys- 
toscopy with a 6 French pediatric scope. Hydro- 
dilation of the proximal diseased urethra can give 
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Fig. 1. Combining a scrotal island flap with the mesh graft procedure. The scrotal flap is outlined and mobilized. 


For panurethral strictures, begin by incising 
through the urethral meatus into the diseased 
penile and bulbar urethra, continuing the incision 
for 2 cm into healthy proximal urethra. For 


a false sense of limited urethral involvement. The 
urologist should always be prepared to perform a 
more extensive repair, and a simple first-stage 
repair might be the best option. 


Fig. 2. Scrotal flap transposed to reconstruct proximal urethra. 
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Fig. 3. Mesh graft is applied over the scrotal flap and remainder of exposed urethral bed. 


strictures that do not involve the meatus, begin the 
urethrotomy at the distal point of narrowing and 
open the entire diseased urethra, continuing the 
urethrotomy for 2 cm into healthy urethra both 
proximally and distally. At intervals, over-sew 


the bleeding sponge with a running, locking stitch 
using fine, monofilament, absorbable suture to 
achieve hemostasis and flatten the urethral mucosa 
edge. The incised penile skin and underlying dartos 
fascia is inspected for hemostasis then sewn to the 


Fig. 4. Mesh graft first stage application for panurethral disease. 
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Fig. 5. Dartos fascia is split. Urethral bed and outer skin are mobilized. 


mucosal edge of the exposed urethral plate. It is 
important to flatten the interface by advancing 
the skin to the urethral plate at appropriate points 
using tacking sutures and then a running, continu- 
ous suture to complete the penile skin to urethral 
plate interface. Take care not to bundle or gather 
a portion of the incised outer skin, which results 
in a markedly irregular interface and can make 
for a difficult second-stage procedure. A widely 
patent urethrostomy that calibrates at 28 French 
for proximal openings (bulbar) and 24 French for 
more distal urethrostomies (penile) is a necessary 
part of both the first- and second-stage procedures. 
A longer waiting period might be necessary for 
severely inflamed strictures. Biopsies are performed 
on the strictures during the first-stage procedure 


and during the period of healing between the first 
and second stages on any persistently inflamed 
areas. It is also important to periodically calibrate 
the proximal and distal urethrostomies during this 
period of healing. The same principles apply for 
staged urethroplasty involving the membranous 
urethra or panurethral strictures that extend into 
the posterior urethra. 

The most popular staged urethroplasty pro- 
cedure today is the mesh graft urethroplasty as 
described by Schreiter [8,17]. This operation is par- 
ticularly useful for complex strictures. The proce- 
dure is similar to other staged procedures in that 
it involves an open urethrotomy with exposure of 
the diseased urethra. Preparation of the urethral 
plate is the same as previously described. What 
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Fig. 6. Urethral bed is tubularized over 24 French sound; tension-free closure. 


is unique is the introduction of meshed STSG 
or meshed preputial skin as the new urethral 
bed. The grafts are harvested from redundant 
prepuce—or, more commonly, taken from the 
anterior thigh—using a gas-operated dermatome 
set at 0.02 inch. Never use penile skin for BXO 
strictures. A space is naturally opened when the 
ventral midline penile skin is incised to expose 
the underlying urethra. Splitting the ventral dartos 
layer just lateral to the initial midline incision 
further develops the space. Mobilizing the dartos 
within this space facilitates paving the exposed 
ventral penile and perineal surfaces and avoids 
placement of the mesh graft directly on the cor- 
poral bodies. The richly vascular dartos layer 
serves as an excellent graft bed. Chordee can 


develop as the graft contracts during the healing 
phase. Using a dartos flap interposition between 
the mesh graft and the tunica albuginea of the cor- 
pus cavernosa can minimize this complication. The 
graft is meshed 1:1.5 and opened widely as it is 
applied (Fig. 1). Meshing the graft permits drain- 
age of secretions that would otherwise accumu- 
late beneath the graft and might prevent optimal 
graft take. During the critical periods of imbibition 
(48 hours) and inosculation (an additional 48 
hours) it is essential that the graft bed provide 
the proper nutritional and vascular support for 
the healing process to continue [18]. Neovascular- 
ization requires 96 hours, and it is imperative that 
the graft is immobilized and secured during this 
period of healing. The graft is protected with anti- 
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Fig. 7. Second-stage reconstruction; running water-tigTht suture layer for tubularization of urethral bed. 


biotic impregnated petroleum jelly gauze (Xero- 
form, Sherwood Medical, St. Louis, MO) and 
bolstered with Dacron wool soaked in a mixture 
of mineral oil and normal saline (mixed 1:1). A 
silicone Foley catheter is inserted intraoperatively, 
and the authors rarely use a suprapubic tube during 
the first-stage repair. Finally, layered gauze four by 
fours and a clear adhesive dressing (Bioclusive, 
Johnson and Johnson Medical, Sherwood, TX) is 
applied as an outer dressing to complete the bol- 
ster. Scarlet red and four by fours with an outer 
clear adhesive dressing are applied to the donor 
site. Patients are kept at strict bed rest for 5 days 
after surgery. The outer dressing layers are 


removed on the third post-operative day and heat 
lamp treatments are applied to the donor site. 
The retained scarlet red dressing serves as a protec- 
tive scab and will peel away as the wound heals. 
The primary bolster dressing (antibiotic gauze 
and Dacron wool) is carefully removed on the fifth 
post-operative day using normal saline to lubricate 
the dressing. Once the bolster is removed the 
patient is allowed to ambulate and shower. The 
authors continue to protect the graft by applying 
sheets of antibiotic-impregnated (Xeroform) gauze 
over the graft for an additional 1 to 2 weeks. The 
graft takes several weeks to mature, and the 
authors prefer to wait a minimum of 6 months 
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Fig. 8. Second-stage mesh graft complete; note position of meatus. 


before considering a second-stage procedure. In 
the first stage the authors have combined the mesh 
graft with tailored scrotal island flaps to recon- 
struct the more proximal urethra in cases of panure- 
thral stricture disease (Figs. 1-4) [12]. It is much 
easier to place a flap into the proximal anterior 
urethra than it is to apply a meshed STSG. A simi- 
lar first-stage procedure can be performed using 
buccal mucosa grafts for shorter strictures (Gerald 
H. Jordan, MD, Norfolk, Virginia, personal com- 
munication, January 2001). 

The second- or final-stage repair is similar for all 
staged urethroplasties. It is imperative that the 
neourethral bed is healthy and supple. There is no 
magic time at which this happens; it is only by care- 
fully inspecting the wound and testing tissue mobil- 
ity that the surgeon can be certain that the urethral 


bed is mature and ready for final reconstruction. If 
astandard Johanson type of repair is performed ini- 
tially, there are several options available as a second- 
stage procedure. If there is an ample amount of 
supple preputial skin the second-stage procedure 
can commence as a tubularization of the urethral 
bed over a 28 French sound proximally and 24 
French sound distally with coverage using existing 
penile skin. If there is a paucity of penile skin, the 
urethral bed is tubularized and a dorsal, midline, 
longitudinal relaxing incision is performed. Thus 
the reconstructed urethra can be covered with ven- 
tral penile skin and the open, dorsal wound is cov- 
ered with an STSG. If there is minimal periurethral 
scarring and a healthy ventral dartos, a buccal 
mucosal graft can be used to reconstruct the ure- 
thra during the second stage. The graft is sewn to 
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the urethral plate then covered with surrounding 
dartos fascia using a quilting technique. This en- 
sures an excellent graft bed and stabilizes the 
graft. The advantages of delaying the buccal graft 
are obvious in the face of chronic inflammatory 
strictures or those associated with BXO. 

The technique for the second-stage mesh graft is 
essentially the same. One important exception is the 
fact that in the mesh graft repair it is unreasonable 
to expect the urethral meatus to reside in the ventral 
glans penis in a normal anatomic location. The 
meatus is usually coronal or even subcoronal after 
the healing process is complete. The only thing that 
matters is that a widely patent meatus will ensure a 
good long-term result following urethroplasty. 
When tubularizing the mesh graft during the final 
stage it can be somewhat difficult to mobilize the 
edges of the incised urethral bed. Again, it is neces- 
sary to split the dartos fascia to mobilize the ure- 
thral bed (Fig. 5). Care is taken to preserve the 
dartos fascia blood supply to the neourethra while 
also preserving the blood supply to the outer penile 
skin. The mesh graft now becomes a flap of sorts, 
much like an Orandi flap, which is mobilized along 
the ventral penis in a longitudinal fashion (Fig. 6). 
The same maneuvers described above can become 
necessary for penile coverage. Do not apply a 
STSG over the ventral surface of the penis follow- 
ing urethral tubularization. 

In the final stage for most procedures the ure- 
thra is constructed in a multi-layer closure tech- 
nique using first 5-0 absorbable, monofilament 
suture in a running, watertight fashion (Fig. 7). 
An imbricating layer of 4-0 absorbable, monofila- 
ment suture follows to completely bury the first 
suture layer. In the perineum and scrotum the dar- 
tos layer is closed separately and the skin of the 
scrotum and penis is closed with interrupted, 
braided, absorbable sutures. A 12 French or 14 
French stenting urethral catheter is placed as well 
as a 16 French Foley trocar suprapubic tube. 
Small TLS® suction drains are used in most cases 
(Fig. 8). A voiding cystourethrogram is performed 
between the third and fourth post-operative week. 
If the repair looks good, the suprapubic tube is 
plugged for a voiding trial. The authors then fol- 
low the patients with regular check-ups including 
flow rate plus flexible cystoscopy at 6 months, then 
yearly thereafter. 

Staging an urethroplasty is not a sign of weak- 
ness on the surgeon’s part. It is often a necessary 
procedure when dealing with complex urethral 
pathology. Although one-stage repairs are the pro- 
cedure of choice for most urethral reconstruction, 


there remain clinical situations in which urethral 
strictures demand a staged approach. 
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The fossa navicularis constitutes the distal seg- 
ment of the anterior urethra, located within the 
glans penis and terminating at the meatus. 
Embryologically, the epithelium of the fossa navi- 
cularis develops by canalization of an ectodermal 
cord of cells, the glanular plate, which extends 
from the meatus into the glans. Strictures involv- 
ing the fossa navicularis have distinct etiologic 
characteristics, and their management is par- 
ticularly challenging. Successful reconstruction 
requires the creation of a functional urethral con- 
duit while maintaining a cosmetically appealing 
glans penis. 


Etiologic factors 


Unlike other anterior urethral strictures that 
are either idiopathic or result from trauma or 
infections, strictures of the fossa navicularis are 
usually inflammatory or procedure-induced. 


Inflammation 


Balanitis xerotica obliterans 

Balanitis xerotica obliterans (BXO) is the most 
common inflammatory cause of glanular urethral 
stricture disease. It is a chronic dermatosis that, 
as its name implies, involves the glans penis and 
inner prepuce (Fig. 1). The cause of this disease 
is unknown, although it has been proposed to be 
an autoimmune reaction and to carry a genetic 
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prediliction [1]. The true incidence of BXO is sim- 
ilarly obscure, but it is has been documented in up 
to 3.6% of circumcision specimens [2]. It is more 
frequently observed in middle-aged men, but 
occurrences have been reported within the range 
of 5 to 83 years of age [3,4]. 

The onset of BXO is insidious. In uncircum- 
cised males, the prepuce is usually involved and 
phimosis can result. The lesions appear as diffuse 
or patchy dry white-colored plaques with well- 
defined margins, giving the glans a mottled ap- 
pearance. Further progression of these sclerotic 
lesions can include the meatus and fossa navicula- 
ris, leading to urethral scarring with proximal 
meatal migration. Occasionally, the disease will 
involve the penile skin or entire anterior urethra 
resulting in extensive stricture formation [5,6]. 
This form of the disease is more accurately termed 
lichen sclerosis et atrophicus. 

Besides phimosis, the most common presenting 
symptom is urinary obstruction, occurring in 47% 
of patients [6]. A causal relationship between BXO 
and squamous cell carcinoma has been suggested 
but has not been proved. Although the diagnosis 
can be suspected clinically, confirmation by biopsy 
is necessary. 

Vitiligo 

Vitiligo is an idiopathic pigmentary disorder 
that can involve the genitalia. Its peak incidence 
is in the second and third decades of life, but it 
can present at any age. Clinically, vitiligo is char- 
acterized by white macules that enlarge centrifu- 
gally over time [7]. Although they are usually 
asymptomatic, an inflammatory variant of vitiligo 
can cause meatal atrophy and stricture. Unlike 
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Fig. 1. Balanitis xerotica obliterans with characteristic 
patchy whitish lesions and proximal meatal migration. 


strictures from BXO, those from vitiligo are con- 
fined to the meatus. 


Prior procedures 


Urethral Instrumentation 

Strictures resulting from urethral instrumenta- 
tion frequently involve the fossa navicularis. They 
arise from urethral luminal trauma caused by 
endoscopic procedures, catheterizations, or subse- 
quent infections. These strictures often extend 
through the urethral mucosa and involve the sur- 
rounding spongiosum; consequently, they may 
not be amenable to cure by minimally invasive 
techniques. 

Specifically, after transurethral resection of the 
prostate, a stricture rate of up to 6.3% has been 
reported, with 41% of these involving the fossa 
navicularis and meatus [8]. Diagnostic cystoscopy 
and urethral dilations are more common causes 
of distal anterior urethral strictures, but their true 
incidence is unknown. Fulgurating or lasing the 
urethral mucosa, frequently used for the treatment 
of urethral condylomata acuminata, can similarly 
result in stricture formation. 


Circumcision 

Meatal stenosis is the most common significant 
long-term complication of circumcision. The 
mechanism is thought to be disruption of the nor- 
mal preputial-glanular adhesions and excision of 
the foreskin, resulting in an inflammatory reac- 
tion, which causes a meatitits with subsequent 
scarring. 


Hypospadias strictures 

Strictures after hypospadias surgery are usually 
a result of technical problems at the initial repair. 
They are caused by ischemia, miscalculation of 
graft contraction, inadvertent creation of a narrow 
neourethra, or infection. 


Patient evaluation 


The proper diagnosis and adequate character- 
ization of glanular urethral strictures must be 
based on data obtained from a combined clinical, 
radiographic, and endoscopic evaluation. 

The clinical evaluation of a stricture involving 
the glanular urethra is relatively simple. The 
patient will present with obstructive lower urinary 
symptoms, including a decreased force of the 
stream, dribbling or splaying, and prolonged void- 
ing. Occasionally they may progress to acute uri- 
nary retention. A careful history should reveal 
prior surgery, inflammation, instrumentation, or 
external trauma to the urethra. Fossa navicularis 
strictures are diagnosed on physical examination. 
A pinpoint opening with perimeatal scarring is 
pathognomonic of a meatal stricture. If the meatus 
is intact, direct visualization of the fossa navicula- 
ris can be facilitated by manual meatal retraction. 
It is important to inspect the entire glans carefully 
to identify any coexisting glanular pathology sug- 
gesting an inflammatory etiology. 

Radiographic evaluation of glanular urethral 
strictures may be difficult. The introduction of 
either a small Foley catheter or a catheter-tip 
syringe in the distal urethra, necessary for retro- 
grade urethrography, will usually obscure the 
stricture. Sonourethrography, although superior 
to conventional radiography in defining the degree 
of spongiofibrosis, is similarly limited by the need 
for distal urethral instrumentation. If properly 
performed, a voiding cystourethrogram is the pre- 
ferred imaging modality for the fossa navicularis. 
The bladder should be filled with an enhanced con- 
centration of contrast material (50% solution) and 
roentgenograms taken while the patient is voiding. 
Adjusting the film penetration to provide opacifi- 
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cation of the entire glanular urethra can optimize 
the image quality. Alternatively, if a catheter can- 
not be passed safely through the narrowing, a 
voiding cystourethrogram can be performed using 
contrast material injected intravenously (2 cc/kg 
body weight). This is more time-consuming and 
the diluted contrast may yield suboptimal images. 
Urinary flow rates are obtained preoperatively as a 
baseline with which postoperative results can be 
compared. 

Endoscopic urethral evaluation should be per- 
formed to confirm the length of the stricture and 
to estimate the degree of spongiofibrosis. This 
can be done at the time of the reconstructive pro- 
cedure using a pediatric cystoscope. 


Management considerations 


Management of fossa navicularis strictures 
includes dilation, direct visual internal uethrot- 
omy, and reconstruction. The selection of the 
proper procedure is paramount to achieving a suc- 
cessful outcome. Factors affecting this selection 
should include the age and overall condition of 
the patient as well as specific characteristics of 
the stricture, glans, and penile skin. 

Dilation and direct visual internal urethrotomy 
are predominantly palliative procedures with long- 
term cure limited only to short (<5 mm) mucosal 
strictures without associated spongiofibrosis. Sur- 
gical reconstruction should be curative. 


Minimally invasive techniques 
Urethral dilation 


Urethral dilation is accomplished by gradual, 
progressive stretching of the urethra to a maximal 
diameter of 24 F. It must be performed in a man- 
ner that will not cause further urethral trauma. 
Aggressive dilation will lead to excessive urethral 
stretching and further scarring. Ideally, an accept- 
able result should limit the interval between dila- 
tions to every 6 months. Select strictures of the 
fossa navicularis may respond to dilation; how- 
ever, long-term success is questionable. 

Urethral dilation should not be used for the 
management of BXO. This potentially progressive 
inflammatory dermatosis may be accelerated by 
repetitive instrumentation. 


Direct visual internal urethrotomy 


Direct visual internal urethrotomy is techni- 
cally difficult in the fossa navicularis. This terminal 


urethral segment provides a poor fulcrum, making 
any cutting motion awkward, with poor manual 
control. The incision can be inadvertently ex- 
tended into the surrounding spongiosum, causing 
undue bleeding. 


Reconstructive techniques 


Several procedures have been described for 
reconstructing the fossa navicularis. Basically, 
they involve tissue transfer techniques using grafts 
or flaps. For a successful repair, appropriate pre- 
operative urethral and penile skin assessment and 
adherence to basic surgical principles are manda- 
tory. These principles include: 


Wide exposure of the stricture and surround- 
ing tissue 

Adequate scar excision 

Choice of glanuloplasty depending on the 
physical characteristics of the glans penis 

Appropriate choice of healthy tissue for 
urethral substitution 

Creation of a normal caliber water tight neo- 
urethra 

Maintenance of an uninfected dry suture line 


Most reconstructive procedures can be done 
safely and effectively in one stage. Two-stage 
repairs are planned only for patients with limited 
remaining viable tissue, usually a result of multiple 
failed operations. 

The choice of the particular reconstructive 
technique is dictated by the characteristics of the 
stricture and proposed tissue to be transferred, as 
well as the surgeon’s familiarity and preference. 


Graft urethroplasty 


Only full-thickness, not split-thickness, skin 
grafts should be used to reconstruct the fossa navi- 
cularis. The avoidance of split-thickness grafts is 
predominantly due to their significant and unpre- 
dictable contractility, which yields a high failure 
rate. 

One of the earliest reconstructive procedures for 
fossa navicularis strictures is the patch-graft ure- 
throplasty, described by Devine [9]. It incorporates 
a full-thickness distal penile skin graft to “repave” 
the fossa navicularis. The rich glanular blood 
supply can provide an ideal host for a successful 
graft take. More recently, extragenital tissue has 
been described, including the postauricular and 
buccal mucosal grafts. These should be used pre- 
ferentially in patients with lichen sclerosis et 
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atrophicus involving the penile skin, because 
urethral substitution using diseased tissue will lead 
to recurrent stricture formation. 

The use of buccal mucosa was first described by 
Humby in 1941, but remained relatively dormant 
until the past decade [10]. Advantages of buccal 
mucosa over other grafts include: the ease in har- 
vesting without any noticeable cosmetic deficit; 
the tissue’s thick epithelium and dense subdermal 
plexus, providing resilience and improving graft- 
take; and a normal compliment of dermal collagen 
limiting contraction. Although buccal mucosal 
grafts have solidified their place in our armamenta- 
rium for reconstruction of urethral strictures, they 
are best used in the spongiosal-rich bulbar urethra 
[11-14]. Indeed, there is limited experience in using 


buccal mucosal grafts for the reconstruction of 


fossa navicularis strictures. Most of the experience 
with these grafts, in glanular urethral reconstruc- 
tion, is gained from hypospadias repairs [15-17]; 


however, the etiology and tissue characteristics of 


hypospadias are distinct from those of urethral 


stricture disease, making direct extrapolation of 


surgical outcomes potentially inaccurate. 


Flap urethroplasty 


Penile flap reconstruction for strictures involv- 
ing both the fossa navicularis and meatus was first 
described by Cohney [18]. This technique involves 
the rotation of a ventrally based penile flap to 
cover the previously incised glanular urethra. 
Problems with this repair include glanular torsion 
and flap necrosis. Several modifications followed, 
incorporating an inverted U-shaped ventral penile 
flap to reconstruct the glanular urethra [19-21]. 
These procedures require significant flap mobiliza- 
tion to achieve adequate meatal advancement and 
can result in a retrusive meatus. In addition, they 
are limited by their ability to replace only the ven- 
tral surface of the glanular urethra; consequently, 
they cannot be used for circumferential disease 
requiring tubular urethral substitution. 


Fasciocutaneous ventral transverse 
island penile flap 

A more versatile flap for reconstruction of the 
fossa navicularis is the fasciocutaneous ventral 
transverse island penile flap, initially described by 
Jordan [22]. This is a rectangular broad-based pe- 
nile skin flap, based on an island of dartos fascia 
vascularized by the superficial penile vessels. 
Because of the relative laxity of the penile skin, this 
flap can easily be used in circumcised patients 
requiring complete glanular urethral substitution. 


The glanular reconstruction is an integral 
part of this procedure. Where possible, avoiding 
an incision directly on the glans will provide a 
superior cosmetic result [23]. This is of para- 
mount importance to the patient, and can over- 
shadow the functional success of the urethroplasty 
procedure. 


Technique of repair 

Urethral exposure. The patient is positioned 
supine on the operating table. Distal urethroscopy 
can be performed with a pediatric cystoscope to 
evaluate the fossa navicularis, as well as the more 
proximal anterior urethra. Optical magnification, 
afforded by surgical loupes, is a valuable aid for 
the reconstructive procedure. 

A subcoronal incision is made on the ventrum 
of the penis and extended circumferentially around 
the ventral glanular margin, leaving an approxi- 
mately 5-mm mucosal cuff (Fig. 2). The incision 
is carried down through the dartos and Buck’s 
fascias, exposing the underlying distal anterior 
urethra. 

The appropriate glanular reconstruction is 
chosen, depending on the physical characteristics 
of the glans. If the glans is conical and without 
undue scarring, inflammation, or distortion, a 
glans-cap glanuloplasty should be used. This has 
an aesthetic advantage in that it preserves the 
entire glanular integrity, limiting unnecessary scar- 
ring to this prominent terminal penile segment. 
With a severely diseased or flattened glans, glans 
wings are preferable for allowing excision of all 
fibrotic tissue with anatomic resculpturing of the 
glans. 

Once the choice of glanular reconstruction is 
made, the fossa navicularis can be appropriately 
exposed. For a glans-cap glanuloplasty, this is 


Site of stricture 


Buck's fascia 
Corpus spongiosum 
Skin and superficial fascia 


Fig. 2. Urethral exposure using a ventral subcoronal 
incision. 
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done by dissecting the ventral surface of the glans 
off the distal corporal bodies. For a glans-wings 
glanuloplasty, a full-thickness incision is made in 
the ventral glanular groove, exposing the underly- 
ing urethra. A ventral stricturotomy is performed 
and the incision extended at least 5 mm into nor- 
mal urethra tissue (Fig. 3). Usually the dorsal ure- 
thral surface can be preserved unless there is severe 
circumferential urethral disease necessitating com- 
plete urethral excision. Once all the scar tissue is 
removed, the proximal urethral lumen should be 
calibrated, with metal bougie-a-boule dilators, 
ensuring a diameter of at least 24 F. 


Creation of a fasciocutaneous ventral penile 
flap. The fasciocutaneous ventral penile flap is 
appropriately marked after measuring the length 
of the urethral defect (Fig. 4). The width of the flap 
depends on the type of urethral substitution 
required. In general, to create a 24 F lumen, neces- 
sary for complete urethral substitution, a 2.5-cm 
flap width is adequate; with on onlay, this width 
can be halved. Because contraction is not a prob- 
lem with flaps, accurate measurements can limit 
subsequent sacculation apparent with oversized 
tissue dimensions. 

The flap is developed by superficially incising 
the previously marked segment of penile skin 
(Fig. 5). This is carried through the subdermal fas- 
cia, developing a tissue plane between it and 
Buck’s fascia. The dissection is usually continued 
to midpenis but can be extended more proximally 
as needed for adequate flap mobilization. Careful 
preservation of the subdermal fascia is paramount 
to ensure viability of the remaining penile skin. 


Fig. 3. Ventral stricturotomy facilitated by glans ele- 
vation. 


Stricture 


Flap outline 


Fig. 4. Exposure of the fossa navicularis and marking 
of the fasciocutaneous penile flap. 


Urethral substitution. The newly created flap is 
rotated medially, ensuring its unobstructed ten- 
sion-free interposition in the glanular urethra. The 
flap is then sutured in place using monofilament 
6-0, preferably as an onlay. One continuous suture 
is used, on each side, approximating the cutaneous 
side of the flap to the ventral urethral mucosa 
(Fig. 6). For complete urethral substitution, the 
flap is tubularized and sutured over an 18-F sili- 
cone catheter, creating a watertight seam (Fig. 7). 
It is always preferable to maintain a portion of 
the native urethra and transfer the tissue as an 
onlay rather than as a tube. This is because over 
time, onlay transfers clearly perform better than 
tubes [24]. 


Fig. 5. Incision of penile skin through the subdermal 
fascia. 
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Glanular reconstruction. Once the urethral recon- 
struction is complete, attention is directed to the 
glanuloplasty, the choice of which is made initially. 

With a glans-cap repair, the flap has been tun- 
neled under the previously elevated glans. A gener- 
ous core of glanular tissue needs to be taken, 
ensuring complete removal of any perimeatal fib- 
rosis. Using 4-0 chromic, the distal flap is then 
sutured to the tip of the glans, creating an ortho- 
topic, widely patent neomeatus (Fig. 8). 

With the glans wings repair, two full thickness 
glans flaps are elevated laterally from the ventral 
midline, enabling broad urethral coverage. The 
glans flaps are approximated, loosely, over the neo- 
urethra in two layers, using 4-0 chromic sutures. 
The goal is to reconstruct a physiologic conical 
glans with a ventrally placed linear suture line. 


Penile skin closure. Before closing the penile skin, 
meticulous hemostasis is accomplished with the 
bipolar cautery forceps. The corners of the flap 
donor site are rounded, permitting a linear reap- 
proximation of the penile skin to the subcoronal 
mucosa without “dog ears.” 

Antibiotic ointment is placed on the suture 
lines, and a transparent moisture-permeable dress- 
ing is used to cover the penis. A Foley catheter 
should be taped in a nondependent position on 
the patient’s abdomen; this will decrease postoper- 
ative edema and undue catheter pressure. 


Postoperative management. Postoperative ambu- 
lation is begun immediately. Perioperative intrave- 


nous antibiotics are continued for 24 hours. The 
neomeatus should be kept lubricated with anti- 


Glans-cap 


Vascular pedicle 


Fig. 6. Urethral substitution using an onlay configura- 
tion tunneled below an intact glans. 


Fig. 7. Flap tubularization over a Foley catheter. 


biotic ointment to prevent drying. The urethral 
catheter is removed at 2 weeks, at which time a 
voiding cystourethrogram is obtained. At 3 and 
12 months the glans is carefully inspected and flow 
rate determinations are obtained. Further instru- 
mentation is generally avoided, limiting the risk 
of additional procedure-induced scarring. 


Complications 


In general, early complications of glanular ure- 
thral reconstruction include splaying of the uri- 
nary stream and a small degree of glanular 
torsion. Both of these problems are usually transi- 
ent and resolve once the initial healing process is 
complete. Delayed complications include urethral 
restenosis, skin necrosis, penile torsion, fistula for- 
mation, and neourethral prolapse or retrusion. 
Most recurrent strictures will occur at the proximal 
urethral anastomosis and are short, making them 


Fig. 8. Glans-cap repair completed with the creation of 
an adequately patent neomeatus. 
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amenable to treatment by minimally invasive pro- 
cedures. Fistulas can be managed by excision and 
closure, which should be postponed for 6 months 
postoperatively. 

The only long-term complication with the fas- 
ciocutaneous ventral transverse island penile flap 
has been recurrent proximal urethral stricturing. 
It usually occurs with a tubular neourethral config- 
uration and may require reoperation [23,25]. 


Summary 


The correction of strictures involving the fossa 
navicularis poses a distinct reconstructive chal- 
lenge. Unlike surgical repair of strictures involving 
other urethral segments where the primary con- 
cern is restoration of urethral patency, manage- 
ment of fossa navicularis strictures also requires 
particular attention to cosmesis. Paramount to 
the success of any of the described procedures is 
the careful selection of nondiseased tissue for sub- 
stitution. If the penile skin is healthy, the preferred 
urethral substitute is the fasciocutaneous ventral 
transverse island flap. The inherent characteristics 
of this versatile flap (ie, well-vascularized predict- 
able pedicle, nonhair bearing, negligible contrac- 
tion) provide for an excellent time-tested glanular 
urethral substitute. In rare cases in which there is 
a suggestion of penile skin inflammation or scar- 
ring, extragenital tissue transfer techniques should 
be considered. Equally important is the need to 
substitute the entire length of diseased urethra, 
preferably as an onlay, preserving the dorsal ure- 
thral wall. Persistent proximal urethral disease will 
eventually result in further stricture formation. 
Finally, the choice of glanuloplasty is particularly 
important in achieving a cosmetically appealing 
outcome. A glans-cap repair is preferred because 
of the limited dissection required with this rela- 
tively simple and bloodless technique. 

Careful selection of the most appropriate com- 
bined urethral substitution and glans reconstruc- 
tion techniques, as well as meticulous attention 
to surgical details, are mandatory for achieving a 
satisfactory functional and cosmetic outcome with 
fossa navicularis strictures. 
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Urethral reconstruction for both congenital 
and acquired etiologies remains a challenge for 
most urologic surgeons. High success rates depend 
on having adequate tissues for reconstruction and 
appropriately trained surgeons. The difficulty in 
achieving adequate results is best represented by 
the myriad of articles published each year that 
attempt to explore new reconstructive techniques. 
There are well over 300 techniques described for 
the correction of hypospadias and urethral stric- 
tures, which illustrates the challenges and difficul- 
ties in the surgical correction of these anomalies. 
Considerable progress in the surgical correction 
of urethral defects has been made over the past 
50 years due to advances in microsurgical instru- 
mentation, optical magnification, and develop- 
ment of fine, absorbable suture material [1]. 

Some of the most challenging reconstructive 
problems for patients with hypospadias involve 
those patients who have inadequate penile skin 
due to unsuccessful surgical repairs or prior cir- 
cumcision. In a review of 5882 newborn circum- 
cisions, 35% of boys with hypospadias were 
circumcised [2]. 

The most challenging reconstructive problems 
for patients with stricture disease involve long 
defects that can be difficult to manage with exci- 
sion and primary anastomosis. Many tissues have 
been used for urethral reconstruction including 
vascularized or free graft skin, bladder, buccal, 
or rectal mucosa, dermal free grafts, and tunica 
vaginalis. All of these tissues have been associated 
with numerous complications. Due to problems 
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associated with some of the tissues currently uti- 
lized, several investigators have sought alternate 
substances for urethral reconstruction. 

Tissue engineering has been proposed as a 
strategy for urethral reconstruction [3]. Tissue 
engineering follows the principles of cell trans- 
plantation, materials science, and engineering to 
develop biological substitutes that restore and 
maintain normal function. Tissue engineering can 
involve matrices alone, wherein the body’s nat- 
ural ability to regenerate is used to orient or direct 
new tissue growth, or the use of matrices with cells. 


Use of cells for engineering of urethral tissues 


When cells are used for tissue engineering, 
donor tissue is dissociated into individual cells 
that are either implanted directly into the host 
or expanded in culture, attached to a support 
matrix, and re-implanted after expansion. The 
implanted tissue can be heterologous, allogenic, 
or autologous. Ideally, this approach might allow 
lost tissue function to be restored or replaced in 
toto and with limited complications [3]. The use 
of autologous cells would avoid rejection, wherein 
a biopsy of tissue is obtained from the host, the 
cells are dissociated and expanded in vitro, reat- 
tached to a matrix, and implanted into the same 
host [3-17]. 

One of the initial limitations of applying cell- 
based tissue engineering techniques to urologic 
organs was the previously encountered inherent 
difficulty of growing genitourinary-associated cells 
in large quantities. In the past it was believed that 
urothelial cells had a natural senescence, which 
was hard to overcome. Normal urothelial cells 
could be grown in the laboratory setting, but with 
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limited expansion. Several protocols developed 
over the last two decades have improved uro- 
thelial growth and expansion [9,1820]. A system 
of urothelial cell harvest was developed that does 
not use any enzymes or serum and has a large 
expansion potential. Using these methods of cell 
culture it is possible to expand a urothelial strain 
from a single specimen that initially covers a sur- 
face area of 1 cm? to one covering a surface area 
of 4202 m? (the equivalent area of one football 
field) within 8 weeks [9]. These studies indicated 
that it should be possible to collect autologous 
urothelial cells from human patients, expand them 
in culture, and return them to the human donor in 
sufficient quantities for reconstructive purposes. 
Normal human genitourinary epithelial and mus- 
cle cells can be harvested efficiently from surgical 
material and extensively expanded in culture. 
Their differentiation characteristics, growth re- 
quirements, and other biological properties have 
been studied [9,12,19-27]. 


Biomaterials for engineering of urethral tissues 


Biomaterials in genitourinary tissue engineering 
function as an artificial extracellular matrix (ECM) 


and elicit biological and mechanical functions of 


native ECM found in tissues in the body. Native 
ECM brings cells together into tissue, controls 
the tissue structure, and regulates the cell pheno- 
type [28]. Biomaterials facilitate the localization 
and delivery of cells or bioactive factors (eg, cell 
adhesion peptides and growth factors) to desired 
sites in the body, define a three-dimensional space 
for the formation of new tissues with appropri- 
ate structure, and guide the development of new 
tissues with appropriate function [29]. Direct 
injection of cell suspensions without biomaterial 
matrices has been utilized in some cases [30,31], 
but it is difficult to control the localization of trans- 
planted cells. In addition, the majority of mamma- 
lian cell types is anchorage-dependent and will die 
if not provided with a cell adhesion substrate. Bio- 
materials provide a cell adhesion substrate and can 
be used to achieve cell delivery with high loading 
and efficiency to specific sites in the body. The con- 
figuration of the biomaterials can guide the struc- 
ture of an engineered tissue. The biomaterials 
provide mechanical support against in vivo forces, 
thus maintaining a pre-defined structure during the 
process of tissue development. Biomaterials can be 
loaded with bioactive signals such as cell-adhesion 
peptides and growth factors, which can regulate 
cellular function. 


Selection 


The design and selection of the biomaterial is 
critical in the development of engineered urethral 
tissues. The biomaterial must be capable of con- 
trolling the structure and function of the engi- 
neered urethral tissue in a pre-designed manner 
by interacting with transplanted cells or host cells. 
Generally, the ideal biomaterial should be bio- 
compatible, promote cellular interaction and tis- 
sue development, and possess proper mechanical 
and physical properties. 

The selected biomaterial should be biode- 
gradable and bioresorbable to support the recon- 
struction of normal urethral tissue without 
inflammation. Such behavior of the biomaterials 
would avoid the risk of inflammatory or foreign 
body responses, which might be associated with 
the permanent presence of a foreign material in 
the body. The degradation products should not 
provoke inflammation or toxicity, and they must 
be removed from the body by way of metabolic 
pathways. The degradation rate and the concen- 
tration of degradation products in the tissues 
surrounding the implant must be at tolerable 
levels [32]. 

The biomaterials should possess appropriate 
mechanical properties to regenerate tissues with 
pre-defined sizes and shapes. The biomaterials 
provide temporary mechanical support sufficient 
to withstand in vivo forces exerted by the sur- 
rounding tissue and maintain a potential space 
for tissue development. The mechanical support 
of the biomaterials should be maintained until 
the engineered tissue has sufficient mechanical 
integrity to support itself [3]; this can be poten- 
tially achieved by an appropriate choice of 
mechanical and degradative properties of the bio- 
materials [29]. 

The biomaterials must be processed into spe- 
cific configurations. A large surface area to volume 
ratio is often desirable to allow the delivery of a 
high density of cells. High porosity, intercon- 
nected pore structure, and specific pore sizes pro- 
mote tissue ingrowth from the surrounding host 
tissue. Several techniques have been developed 
that readily control porosity, pore size, and pore 
structure. 


Classes 


Generally, two classes of biomaterials have 
been utilized for engineering urethral tissues: acel- 
lular tissue matrices (eg, bladder submucosa and 
small intestinal submucosa) and synthetic poly- 
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mers (eg, polyglycolic acid [PGA], polylactic acid 
[PLA], and polylactic-co-glycolic acid [PLGA]). 
These classes of biomaterials have been tested in 
respect to their biocompatibility with primary 
human urothelial and bladder muscle cells [30]. 
Naturally derived and acellular matrices have 
the potential advantage of biological recognition. 
Synthetic polymers can be produced reproducibly 
on a large scale with controlled properties of 
strength, degradation rate, and microstructure. 


Acellular tissue matrices 

Acellular tissue matrices are collagen-rich 
matrices prepared by removing cellular compo- 
nents from tissues. The matrices are often pre- 
pared by mechanical and chemical manipulation 
of a segment of bladder tissue [33,34]. The 
matrices slowly degrade upon implantation and 
are replaced and remodeled by ECM proteins 
synthesized and secreted by transplanted or 
ingrowing cells. Acellular tissue matrices have 
proven to support cell ingrowth and regeneration 
of genitourinary tissues, including urethra and 
bladder, with no evidence of immunogenic rejec- 
tion [18,35]. Because the structure of the proteins 
(eg, collagen and elastin) in acellular matrices are 
well conserved and normally arranged, the 
mechanical properties of acellular matrices are 
not significantly different from those of native 
bladder submucosa [36]. 


Synthetic polymers 

Polyesters of naturally occurring a-hydroxy 
acids, including PGA, PLA, and PLGA, are 
widely used in tissue engineering. These polymers 
have gained FDA approval for human use in a 
variety of applications, including sutures [37]. 
The ester bonds in these polymers are hydrolyti- 
cally labile, and these polymers degrade by non- 
enzymatic hydrolysis. The degradation products 
of PGA, PLA, and PLGA are nontoxic, natural 
metabolites and are eventually eliminated from 
the body in the form of carbon dioxide and water 
[37]. The degradation rate of these polymers can 
be tailored from several weeks to several years 
by altering crystallinity, initial molecular weight, 
and the copolymer ratio of lactic to glycolic acid. 
Because these polymers are thermoplastics they 
can be easily formed into a three-dimensional 
scaffold with a desired microstructure, gross 
shape, and dimension by various techniques 
including molding, extrusion [2], solvent casting 
[23], phase separation techniques, and gas foam- 
ing techniques [24]. 


Strategies for tissue regeneration 


Various strategies have been proposed over 
the\ years for the regeneration of urethral tissue. 
Woven meshes of PGA were used to reconstruct 
urethras in dogs. Three to four centimeters of the 
ventral half of the urethral circumference and its 
adjacent corpus spongiosum was excised, and 
the polymer mesh was sutured to the defective 
area. After 2 weeks the animals were able to void 
through the neourethra. At 2 months the urothe- 
lium was completely regenerated. The polymer 
meshes were completely absorbed after 3 months. 
No complications occurred, but the excised cor- 
pus spongiosum did not regenerate [38]. 

PGA has been also used as a cell transplanta- 
tion vehicle to engineer tubular urothelium 
in vivo. Cultured urothelial cells were seeded onto 
tubular PGA scaffolds and implanted into athymic 
mice. At 20 and 30 days polymer degradation was 
evident and tubular urothelium formed; cells were 
stained for a urothelium-associated cytokeratin [8]. 

PGA mesh tubes coated with polyhydroxybu- 
tyric acid (PHB) were used to reconstruct urethras 
in dogs. PHB is a biodegradable, thermoplastic 
polymer that is produced microbially. PHB de- 
grades by both hydrolysis and enzyme reaction. 
The hydrolyzed product, 3-hydroxybutyric acid, 
is a natural metabolite that is present in human 
blood [39]. Eight to twelve months after recon- 
struction, complete regeneration of urothelium 
and adjacent connective tissue occurred. All of 
the polymers disappeared after 1 year, and there 
were no anastomotic strictures or inflammatory 
reactions [34]. 


Engineering of urethral tissues 
with acellular matrices 


Small intestinal submucosa (SIS) has been 
utilized as an onlay patch graft for urethroplasty 
in rabbits [19]. SIS was compared to full-thickness 
preputial skin grafts and shams (simple urethro- 
tomy and closure). Animals were sacrificed 
between 8 and 12 weeks. Histologic evaluation 
demonstrated that SIS promoted urethral regene- 
ration. Regenerated urethras contained 3 to 4 
layers of stratified columnar urothelium that 
was indistinguishable from the normal rabbit 
urothelium. There was also evidence of circular 
smooth muscle regeneration underneath the 
urothelium. This regenerated muscle was con- 
tained within an abundant amount of collagen 
and fibrous connective tissue. Grossly, there was 
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no evidence of diverticula formation. In contrast, 
all grafts in the preputial skin group had evidence 
of diverticula formation. 

A homologous free graft of acellular urethral 
matrix has been used in a rabbit model [33]. A 
0.8 to 1.1 cm segment of the urethra was resected 
and replaced with an acellular matrix graft of 1.0 
to 1.5 cm. Histological examination showed com- 
plete epithelialization and progressive vessel infil- 
tration. At 3 months smooth muscle bundles 
were first observed infiltrating the matrix at the 
anastomosis; after 6 months the smooth muscle 
bundles had grown into one third of the matrix. 
By 8 months the host and implant could not be 
differentiated by urethrography. All tissue compo- 
nents were seen in the grafted matrix after 3 
months, with further improvement over time; 
however, the smooth muscle in the matrix was less 
than that seen in a normal rabbit urethra and was 
not well oriented. 

A bladder-derived acellular collagen matrix has 
proven to be a suitable graft for repairing urethral 
defects both experimentally and clinically [35]. A 
ventral urethral defect measuring 1x0.7 cm 
(approximately half of the urethral circumference) 
was created in 10 male rabbits. The acellular col- 
lagen matrix was trimmed and used to replace the 
urethral defect in an onlay fashion. Serial urethro- 
graphy was performed pre- and post-operatively 
at 0.5, 1, 2, 3, and 6 months. Animals were sac- 
rificed at 0.5, 1, 2, 3, and 6 months after surgery. 
The retrieved implants were analyzed grossly, 
histologically, and immunocytochemically. All ani- 
mals survived until being sacrificed without any 
noticeable voiding dysfunction. 

Serial urethrograms confirmed the mainte- 
nance of a wide urethral caliber without any signs 
of strictures. Gross examination at retrieval 
showed normal-appearing tissue without any evi- 
dence of fibrosis. At retrieval the distances 
between the marking sutures placed at the anasto- 
motic margins remained stable, with no distance 
varying more than 10% in any axis, indicating 
the maintenance of the initial implant diameter. 
Histologically, the implanted matrices contained 
host cell infiltration and generous angiogenesis 
by 2 weeks after surgery. Minimal infiltration of 
inflammatory cells was observed initially; how- 
ever, complete disappearance of these cells was 
evident by the 3 month post-operative time pe- 
riod. There was no evidence of fibrosis or scarring 
in the urethras at any of the retrieval time periods. 

The presence of a complete transitional cell 
layer over the graft was confirmed 2 weeks after 


the repair, and this was consistent throughout the 
study. The urothelial cell layers stained positively 
with the broadly reacting anti-pancytokeratins 
AEl/AE3 in all implants. There was no evidence 
of muscle fibers either at the 2-week or 1-month 
retrievals. Unorganized muscle fiber bundles were 
evident histologically 2 months after implantation. 
The histologic patterns suggested that the 
ingrowth of muscle fibers occurred from all of 
the adjacent native tissue areas, including the ends 
and sides of the grafts. These findings were con- 
firmed using anti-a-actin antibodies. Increasing 
number of organized muscle bundles were ob- 
served at 3 months. Normal-appearing organized 
muscle fiber bundles were evident 6 months after 
implantation. These results demonstrate that the 
acellular collagen matrix can be a useful material 
for urethral repair in the rabbit [35]. 

These results were confirmed clinically in a se- 
ries of patients with a history of failed hypospa- 
dias reconstruction wherein the urethral defects 
were repaired with human bladder acellular col- 
lagen matrices [17]. The neourethras were created 
by anastomosing the matrix, which was trimmed 
to the appropriate size, in an onlay fashion to 
the urethral plate (Fig. 1). The size of the created 
neourethra ranged from five to fifteen centimeters. 
After a 3-year follow-up period three of the four 
patients had a successful outcome in regard to 
cosmetic appearance and function. One patient, 
who had a 15 cm neourethra, created developed 
a subglanular fistula. Retrograde cystourethro- 
grams performed after 1 year of repair were 
normal, without any evidence of narrowing. 
Cystoscopic studies with urethral biopsies were 
also performed after 1 year of repair. Cystoscopic 
and cystographic studies showed adequate caliber 
conduits (Fig. 2). Histologic and immunocyto- 
chemical examination of the biopsy specimens 
showed typical urethral stratified epithelium 
(Fig. 3). The acellular collagen-based matrix elimi- 
nated the necessity of performing additional surgi- 
cal procedures for graft harvesting. Operative 
time and potential morbidity due to the harvest 
procedure were decreased. 

Similar results were obtained in pediatric and 
adult patients with urethral stricture disease [7]. 
Patients with a diagnosis of urethral stricture 
underwent reconstructive surgery using the col- 
lagen-based inert matrix for urethral reconstruc- 
tion. The matrix was trimmed to size as needed 
for each patient and the neourethras were created 
by anastomosing the matrix in an onlay fashion to 
the urethral plate with continuous 6-0 Vicryl 
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Fig. 1. Collagen matrix is rehydrated in a saline solution 
and trimmed to size at the time of surgical repair. 


sutures. The size of the created neourethra ranged 
from 1.5 to 16 cm. Urethrograms were performed 
routinely 4 months post-operatively. Cystoscopic 
studies showed adequate caliber conduits and nor- 
mal-appearing urethral tissues (Fig. 4). Histologic 
examination of the biopsy specimens showed the 
typical urethral stratified epithelium. 

More than 60 pediatric and adult patients with 
urethral disease have been treated to date using 
the collagen-based matrix. Results show that the 
use of a collagen-based acellular matrix appears 
to be beneficial for patients with hypospadias 
and stricture disease who may lack sufficient gen- 
ital skin for reconstruction. The acellular col- 
lagen-based matrix eliminates the necessity of 
performing additional surgical procedures for 
graft harvesting. In addition, operative time and 
the potential morbidity due to the harvest proce- 
dure are decreased. 

The acellular matrix was used only in an onlay 
fashion. Urethral segments reconstructed with the 
acellular matrices showed a normal cellular orga- 
nization that was indistinguishable from the 
native urethral tissue. Graft contracture or stric- 
tures did not occur. 


Fig. 2. Urethrogram of a patient one year after 
hypospadias repair shows a normal urethral caliber. 


Engineering of urethral tissues 
with cell-seeded matrices 


A series of experiments was performed to 
determine if the acellular matrix could be used 
for tubularized urethral repairs [40]. Autologous 
bladder smooth muscle cells from 10 rabbits were 
grown and seeded onto pre-configured tubular 
matrices. Approximately two thirds of the penile 
urethra was replaced in 20 male rabbits. Urethro- 
plasties were performed with tubularized matrices 
seeded with cells in 10 animals, and without cells 
in 10 animals. 

Serial urethrography confirmed the mainte- 
nance of a wide urethral caliber without strictures 
in all animals implanted with cell-seeded matrices. 
The urethral segments replaced with collagen scaf- 
folds without cells demonstrated strictures at all 
time points, however. Gross examination of the 
urethral implants seeded with cells showed nor- 
mal-appearing tissue without any evidence of 
fibrosis. Histologically, the implanted matrices 
contained normal urethral tissue by 1 month, con- 
sisting of a transitional cell layer surrounded by 
muscle cell fiber bundles with increasing cellular 
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Fig. 3. Immunocytochemical analyses of neourethras 
show (A) normal urothelial layers staining positive for 
pancytokeratin antibodies AEI/AE3, and (B) normally 
appearing muscle bundles that stain positively for o- 
actin antibodies. 


organization over time. Epithelial and smooth 
muscle phenotypes were confirmed with pAE1/ 
AE3 and smooth muscle-specific 9-actin anti- 
bodies. Formation of a transitional cell layer was 


also confirmed in the matrices implanted without 
cells; however, only scant unorganized muscle 
fiber bundles were present at the anastomotic 
sites. Similar urothelial and smooth muscle differ- 
entiation was observed with the tissue-engineered 
grafts compared to controls on Western blot ana- 
lyses. Organ bath studies demonstrated the capa- 
city for contractility along with cholinergic- and 
adrenergic-specific receptors in the tissue-engi- 
neered scaffolds. 

Although acellular collagen matrices can be 
used successfully for urethral repair in an onlay 
fashion, if tubularized they lead to poor tissue 
development and stricture formation. If a tubular- 
ized urethral repair is needed, the use of cells on 
the collagen matrix is essential for adequate tissue 
formation. 


Conclusion 


Some of the most challenging urethral recon- 
structive cases involve patients who lack sufficient 
urethral tissues for repair. The use of acellular 
matrices for onlay urethral reconstruction has 
been used successfully in patients who have hypo- 
spadias and urethral strictures. Experimentally, 
the use of cell-seeded constructs is preferable for 
tubularized urethral replacement, although clinical 
experience must be gained. Tissue culture tech- 
niques are now well established and commonplace 
in university settings. Human urothelial and 
smooth muscle cells have been successful har- 
vested, cultivated, and extensively expanded in 
vitro in sufficient quantities for reconstruction. 
Tissue engineering techniques are useful for the 
reconstruction of complex urethral defects. 


Fig. 4. Endoscopic view of the urethra in a patient who presented with stricture disease, at the same location prior to 


urethral repair (left) and one year after surgery (right). 
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